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so they can understand the 
manufacturability of a product as 
they’re designing it.

Our goal is not to force people 
to randomly spend time in our 
applications. If the end user is 
actually your customer, you’re always 
aligned with their motives because 
you’re trying to add value in your 
interactions, not create busy work 
for them.

The Good and the Bad

It’s indisputable that social media 
has done amazing things, and the 
advertising model has opened up 
access to technology for tons of 
people. The ability to communicate 
has increased dramatically because 
of these platforms. But I think people 
will look back at this era of social 
platforms and see that this was a 
rise of a new kind of tech control 
over people’s lives—when companies 
profi led people as products.

I think it’s disturbing and, ultimately, 
dangerous. Remember how 
controversial it was, after 9/11, when 
the government passed the Patriot 
Act, enabling it to monitor people’s 

phone and email conversations? 
There was a reasonable argument 
that giving the FBI access to that data 
could help protect the citizenry, yet 
people were—and still are—uneasy. 
But you know what? Google’s got a lot 
more. And why should you trust them 
more than your government? I see no 
reason why you would.

It’s funny to me that people would 
not want the government to know 
this or that about them when they’re 
perfectly content to let Google know 
where they drive every day. When I 
get in my car, Google tells me that 
pizza is only 5 miles away, because 
it fi gured out that I get pizza for 
my family on Friday night. It knows 
where my car is parked; it knows 
where I’ve been; and it’s making 
recommendations based on my past 
behavior. Someday, if Google wanted 
to use that information to track me 
down, it could. The truth of the matter 
is that the data these companies have 
is at that level. It’s the kind of data 
that most people would not want their 
government to know about them.

I’d personally rather own that data 
about myself and know exactly how to 

control that information than rely on 
the controls inside Google. It’s going 
to be interesting to see if people want 
to take their privacy back in return for 
having to pay for value. Or will they 
be content giving up their privacy in 
return for free stuff from companies 
trying to communicate with them?

One way or another, Silicon Valley will 
be at its best when it fi gures out how 
to treat its end users as customers 
rather than products.
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Clickbait often draws people’s attention away from what they’re reading, wasting valuable time.

“If the end user is actually your customer, you’re always 
aligned with their motives because you’re trying to add 
value in your interactions.”

is creating an alternative universe—a 
closed ecosystem where you pay for 
useful content and services—and you’re 
much more protected.

Data That’s Yours to Keep (or Sell)

The fundamental business model for 
many companies is to collect as much 
data about you as humanly possible so 
they can sell it. But people should be in 
control of their own data. Blockchain 
technology—an incorruptible record 
of economic transactions—creates the 
possibility that everyone can own their 
online identities and lease them out. 
Companies such as Equifax should offer 
access to credit in exchange for access 
to people’s data.

This model would require legislation, but 
with the potential of technologies such 
as blockchain, which have decentralized 
ways of sharing encrypted information, 
people would be able to take control of 
and own the accumulated information 
about themselves—and decide who gets 
to use it for what.

Europe already introduced the General 
Data Protection Regulation (GDPR), 
insisting that data should belong to the 

individual. They said, “People have a 
right to delete themselves—the right to 
be forgotten.” There is no such model in 
the US, and people don’t seem interested 
in creating it.

How Your Data Can Help You

Tech companies should create more 
subscription models where people 
own their own data. At Autodesk, our 
goal—when customers choose to share 
their data with us—is to give them value 
directly related to that data. We’re using 
their data to aggregate behavior and 
other information that we can provide 
back to them, not so we can package it 
up as a product to sell to someone else.

For example, with BIM 360 Project IQ’s 
machine-learning engine, we’re giving 
subscribers insights based on their own 
project data. IQ can fl ag and prioritize 
the biggest construction-quality and 
-safety issues and help contractors act 
on them faster. And that project data 
is protected—only accessible to the 
construction fi rm that owns it.

With generative design, Autodesk uses 
machine learning to help designers 
and engineers make complex decisions 
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Allow me to introduce you to Autodesk’s online 
publication Redshift. Why Redshift? Well, in 
space terminology, astronomers use the word 
redshift to measure how far away an object is 
traveling. When an object moves away from the 
Earth, it appears redshifted; the wavelength 
of its light is stretched into lower frequencies, 
which makes it look red.

What’s fascinating (and kinda scary) is the reality 
that the universe is continuously expanding, 
which means that light from most galaxies 
appears redshifted. And as the universe expands, 
so does the Redshift editorial team’s aim to 
move with it—at the forefront of architecture, 
construction, infrastructure, and manufacturing 

technology. We want to help designers and engineers design 
a better and more sustainable world for future generations.

At Redshift, we explore the future of making things: how 
products, buildings, and cities will be built tomorrow—and 
even 100 years from now. With technological advancements 
in machine learning, generative design, and robotics, the 
very nature of design is shifting. Designers, engineers, 
builders, and makers are no longer confi ned to traditional 
ideas of design and engineering. 

Redshift is supported by Autodesk, creator of software tools with the 
power to make anything.

- Kylee Swenson, 
   Redshift Editor in Chief
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It’s a question that’s been asked for well over 50 years: Are robots coming for your jobs?

The thing is, the pundits declaring 
that automation is a job killer are 
missing an important point. The world 
needs more buildings, infrastructure, 
and products than it has people, 
money, or materials to make them.

If you look at infrastructure in the 
developed world, there’s so much 
that needs to be redone: Bridges 
are crumbling; roads are in trouble. 
In emerging countries, there’s new 
infrastructure that needs to be built: 

rail, roads, tunnels, bridges. And there 
aren’t enough raw materials or money 
available to make things the way 
they’ve been done in the past.

Meanwhile, the world population is 

By Andrew Anagnost

It’s photoshopped clickbait derailing 
you and robbing your valuable time. 
According to “Time Well Spent” 
founder Tristan Harris, it’s the 
“perverse incentive” of social-media 
and media companies to trick users 
into spending more time on their 
platforms. Clickbait is the biggest 
abuse of the Internet advertising 
model (free content in exchange 
for targeted advertising). That’s 
because the goal is to get you to take 
an action, not to give you something 
of value.

Whatever line of business you’re in, if 
the end user is your customer, you’re 
always concerned about the value 
of the interactions and tools you’re 

providing for them. If they’re your 
product, you couldn’t care less.

Subscription Versus Ad Models

The alternative to the advertising 
model is the subscription model. 
Apple and Netfl ix’s philosophy is, 
you’re paying for their services, 
so you’re their customer—not their 
product. They do things that add value 
when you pay for a subscription, and 
it’s not about getting you to stay on 
their platforms longer. Yes, Netfl ix 
wants you to watch more movies, 
but it’s not trying to trick you into 
watching more movies.

It’s a different story with social-
media companies such as Facebook 

because the ad model is incredibly 
lucrative—and chasing the money has 
the potential to cross ethical (and 
even legal) lines. Take, for example, 
the recent revelation that Facebook 
allowed misuse of the private data of 
50 million users, which led to intense 
backlash and a congressional inquiry.

The irony is, people who just want to 
use Facebook to interact with a group 
of individuals might be happy to pay 
$10 a month to never see another 
Facebook ad.

I believe everybody should be able 
to pay for an ad-free or untargeted 
experience, but then advertisers 
would say, “Whoa, you’ve just 
created a whole segment of people 
I can’t speak to.” There’s also no way 
Facebook could offset the loss of 
revenue by offering a subscription 
to the platform. In 2017, 98 percent 
of Facebook’s revenue came from 
advertising.

Meanwhile, although many of its 
offerings are free, Google puts as 
much content as possible behind 
its sign-in wall because if you’re 
not signed in, you’re not nearly as 
valuable. When you’re signed out, it 
can track your device. But when it 
knows you, it can sell access to you 
and your preferences.

Under the tyranny of the ad model, 
companies are always driven to 
increase the time spent on the 
platform because the platform’s value 
is connected to that. If you disconnect 
the platform’s value from that, you 
make progress.

That’s why I fi nd myself gravitating 
toward the Apple ecosystem. The 
model is, you own your data. Apple 
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By Andrew Anagnost

Imagine you’re reading an online article about what steel tariffs mean for the construction and 
manufacturing industries, and suddenly, you fi nd yourself distracted by a “real” photo of a family 
eating Thanksgiving dinner with a grizzly bear they allegedly raised from birth.
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expected to grow to nearly 10 billion—
with 75 percent of people living in 
major cities—by 2050. Those people, 
half of which will be middle class, will 
generate more energy demand as they 
purchase more cars, more refrigerators, 
more things.

That may sound foreboding for the 
planet and its strained resources, but 
in the future of work automation, the 
increase in building and production 
could be accomplished with the same 
or even fewer resources used today. 
In an automated world, technology 
will remove ineffi ciency and waste, 
and more people will be deployed on 
more projects.

Robots = New Work

It’s true that automation will kill some 
unskilled jobs, but that doesn’t mean 
there will be a shortage of work. Quite 
the opposite. For example, as the 
demand for infrastructure increases, 

so will the need for people with skills 
to customize, build, run, and maintain 
systems—such as “cobots,” aka 
collaborative robots—for those new 
construction projects. And thanks to 
technology, there will be a decline in 
construction waste, which will offset 
the expected cost for the increase in 
projects. That means civil-engineering 
and construction fi rms will be able to 
build things cheaper, with less waste, 
and they’ll need fewer resources to do 
it, which will allow them to make better 
use of existing resources.

By automating certain tasks, companies 
can take on more projects with the same 
budget, which means they’ll employ 
more people as they take on more work. 
So if a civil-engineering fi rm does a 
couple projects a year and moves to a 
highly automated process, then it could 
feasibly take on two to three times as 

It’s true that automation 
will kill some unskilled 
jobs, but that doesn’t mean 
there will be a shortage of 
work. Quite the opposite.



many projects annually and hire more 
people to get that work done.

Consider this: When ATMs fi rst came out 
in 1967, people immediately predicted 
the end of the bank teller. But by the 
time ATMs became commonplace in the 
’80s, the number of bank employees 
increased and continued to increase 
until the number of employees peaked 
in 2006.

By outsourcing simple withdrawal and 
deposit transactions to machines, banks 
could expand their customer base and 
offer new services such as credit cards, 
mortgages, and IRAs. Consequently, 
tellers could move on to more lucrative 
sales positions. ATMs didn’t necessarily 
take their jobs. The technology enabled 
employees to grow their careers and 
solve more complicated problems. The 
same thing will happen with automation 
and the future of jobs in the architecture, 
infrastructure, construction, and 
manufacturing industries.

Work Automation Aids Sustainability

There are massive constraints in the 
world: limited resources, the impacts 
of climate change, and an increasing 
population. Those constraints make it 
even more critical for industries to 
crack the code on building more—better—
with less.

If construction and manufacturing 
companies can automate things more 
effectively, they’ll be able to build more 
sustainably. For example, robotics 
applied to the construction process 
will help people reuse materials from 
existing buildings and infrastructure—for 
a lot less money. Rather than trying 
to teach everybody how to create a 
sustainable practice, computers will 
help them build sustainably and reliably, 
which is crucial.

Automation has the power to spur whole 
new economies around recycling and 
reusing things. That could happen in 
the automobile industry: Some people 
would argue the world needs fewer cars, 
but what if cars were built cheaper, 
smaller, greener, electric, and less 
resource intensive?

There are entire fl eets of 15- and 
20-year-old hunks of metal out there 
with huge metal engine blocks in them. 
If car manufacturers could make $5,000 
or $10,000 cars—replacing internal 
combustion engines with cheap, electric 
technology—how much more rapidly 
would people retire their old pollutant-
producing cars?

Electric cars are more electronically 
complex, but they’re less mechanically 
complex. In a highly automated world, 
manufacturers could refresh the fl eet 
of cars on the planet rapidly while 
recycling the raw materials hidden in all 
the cars on the road right now.

New Skills, New Industries

Automation will cause two things 
to happen: It will transform existing 
industries and create brand-new 
industries. As a result, the future 
population will have to adapt to a more 
technologically sophisticated work 
environment. Workers will spend more 

Automation will cause two things to happen: 
It will transform existing industries and create 
brand-new industries.
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key way Apple will attain this is 
by connecting customer product 
takeback and end-of-use products 
to the start of the supply chain—
with a robot, named Liam, that 
can disassemble an iPhone in only 
11 seconds (or approximately 1.2 
million iPhones per year). Those 
disassembled components are then 
recycled and remanufactured to 
create new iPhones, mitigating the 
need to process new raw materials. 
Identifying and validating these 
opportunities requires connecting 
processes end-to-end by sharing 
and making sense of data 
effectively, akin to connecting 
PLM to disassembly machinery to 
design systems. Apple could even 
take lessons extracted from use 
and disassembly and apply them to 
redesigns for enhanced durability, 
reduced takeback speed, and quicker 
disassembly by its Liam robots.

Future workfl ows hold a promise 
well beyond that of the Airbus or 
Apple examples. New design and 
manufacturing capabilities, brought 
on by the explosion of data in 
manufacturing and combined with 
machine learning and AI, will soon 
enable manufacturing at the push 
of a button. The key to attaining 
push-button manufacturing lies 
in delivering insights from across 
the entire workfl ow; uncovering 
unlikely solution sets; and connecting 
supply chain, design, manufacturing, 
product use, and product end of 
life in innovative, highly optimized 
ways. Airbus connected design and 
manufacturing processes. Apple 
connected waste streams with 
material streams. Neither would 
have been possible in a traditional 
linear process or without advanced 
technology.

The Infl uence of Government

Although technology is evolving 
quickly, there are other pressing 
reasons to start connecting your 
processes and data now to make 
more, better, with less. Government 
initiatives have long been striving to 
curtail the environmental impacts 
from manufacturing, such as the 
European Union’s mandates around 

recycling and toxicity and the 
historic Paris Agreement. While many 
countries focus on energy suppliers 
and transportation for reductions, 
China explicitly identifi es resource 
and energy-effi ciency measures that 
have implications for manufacturers.

These governmental trends are 
also infl uencing market demand in 
everything from personal electronics 
to automobiles to household goods. 
Recent studies have shown that one 
in three consumers prefers to buy 
from more sustainable brands, and 
almost three out four millennials will 
pay more for sustainable options.

Companies are taking notice. Walmart 
recently announced that it will 
eliminate a gigaton of carbon dioxide 
from its supply chain by working 
with its manufacturing partners, 
necessitating the connection 

of processes and data across 
companies. Auto manufacturers 
are competing to go all-electric, 
requiring them to redesign cars from 
the ground up and apply a systems 
approach to their overall processes.

Increasing the performance, 
customization, and quality of products 
and improving processes will enable 
you to compete and survive. And 
making the right decisions about 
the things you make and how you 
make them will enable you to achieve 
more with less of a negative impact 
on people and the environment. The 
opportunity to take advantage of 
connected workfl ows and make more, 
better, with less is here.

A version of this article appeared 
in the February 2018 issue of the 
Manufacturing Leadership Journal. 
Excerpted with permission.

Using generative design, Airbus evaluated myriad design options based on specifi c design goals. 
Courtesy Airbus.
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One in three consumers prefers to buy from more 
sustainable brands.

entire process and capitalize on those 
opportunities before they become cost 
prohibitive. The best way to facilitate 
systems thinking is by understanding 
all parts of the system and connecting 
data from every part of the design-to-
make process.

For example, by connecting fabrication 
processes to design, implications of 
advanced manufacturing techniques—
such as hybrid additive and subtractive 
processes—can uncover potential design 
options or constraints that would not 
have otherwise been explored. And 
machine learning can be leveraged to 
link these processes. The software can 
use fabrication data to generate new 
designs that optimize for complex design 
goals and tradeoffs, such as maximizing 
part sustainability, ensuring regulatory 
compliance on material choice, and 
controlling costs from production.

An early example of connecting end-to-
end processes is Airbus’s bionic design 
of lighter-weight cabin partitions for 
its airplanes. Airbus reduced the weight 
of its bulky partitions by connecting 
fabrication and design with data and 
machine learning through generative 
design, a process that considers design 
goals and constraints to generate 
myriad design options. Airbus generated 
more than 10,000 design options with 
the goal of reducing weight while 
maintaining structural integrity and 

safety. In the end, by virtue of thinking 
about fabrication early in the design 
process, Airbus was able to reduce the 
weight of its partition by 45 percent. 
With $1.3 billion spent on fuel annually, 
every ounce responsibly shaved off 
planes means signifi cant positive impact 
for both the bottom line and the planet.

An important emerging trend that will 
be accelerated by connecting end-to-
end processes with data is circularity. 
Circularity is the concept of “upcycling” 
resources repeatedly by connecting 
supply chain and resource streams to 
the end-of-life of products. Extracting 
and processing raw materials is costly 
and subject to swings in commodity 
prices, creates large volumes of waste, 
and degrades local environments. The 
extraction and production of virgin 
aluminum alone accounts for 1 percent 
of global greenhouse-gas emissions. 
Pair this with the growing amount of 
electronic waste, expected to reach 50 
million tons annually by 2018, and the 
problem becomes clear.

Recently, Apple pledged to use only 
renewable or recycled material. One 

time interacting with technology than 
they do today.

The younger generations of designers 
and makers are already more 
technologically comfortable than the 
previous generations. They’re used to 
technology changing rapidly, and they 
adapt to changes from one release 
to the next. That kind of fl uidity and 
adaptability to technology—which will do 
more for people in the coming years—is 
key to the future of making things.

Automation will inevitably create 
another explosion of IT technologies 
like the smartphone industry and the 
Internet of Things. And it will create 
opportunities that have been diffi cult for 
human beings to fully exploit because 
it’s easier for automated machines to go 
fi rst and humans to follow.

I’ve spoken about the industrialization of 
space and the industry that will support 
it. That’s a classic example of where 
automation and robotics will extend 

human capabilities further and create 
whole new industries.

Back on Earth, what if somebody builds a 
robot that can traverse a road, chew up 
the asphalt, process it, and repave the 
road with the same material? Are people 
going to come up with robots like that? 
Yeah, you bet they are.

And people will have to build and 
maintain those robots, plan and 
coordinate the projects, and set up the 
robots on the sites. If there were road-
repaving and bridge-building robots 
running everywhere while people slept, 
continuously rebuilding and retrofi tting 
existing infrastructure every night, what 
would the world be like?

Whatever’s in store for the future of 
making things, automation is going 
to open a world of opportunities. 
Employees will just need to get 
comfortable standing side by side with 
their cobot coworkers.
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By Joe Speicher

Natural disasters are a part of human existence—ever since the inhabitants of Pompeii were victims of 
Vesuvius, Homo sapiens have been dying unnecessarily due to the extremes of Mother Nature. Yet today, 
extreme weather events are even more calamitous, increasing in both frequency and cost. In 2017 alone, 
the United States experienced 15 natural disasters that each caused more than $1 billion in damages.

It’s known that deviations in 
temperature and rainfall due to rising 
greenhouse gases result in more intense 
climate change and natural disasters. 
The International Monetary Fund noted 
in its 2017 World Economic Outlook 
report that “the frequency of disasters 
caused by heat waves, tropical cyclones, 
and wildfi res will increase considerably” 
in countries of all economic stripes 
throughout this century.

The global society expends a great 
deal of resources responding to these 
disasters through the Red Cross, Federal 
Emergency Management Agency (FEMA), 
and United Nations’ bodies responsible 
for disaster response. And while people 
have the capabilities to anticipate, 

mitigate, and prevent a signifi cant 
portion of the devastation caused by 
natural disasters, they typically do not.

That’s because public institutions are 
organized to deal with disasters after 
the fact, doling out support and relief 
as needed instead of allocating more 
resources to prevention and mitigation. 
The psychology behind this is easy 
to understand: Spending resources 
on individuals in immediate need is 
preferable to spending money to avoid 
a problem. This manifests in all kinds 
of human systems, such as health care, 
where treatment is inherently the focus. 
Prevention is invisible—the absence 
of death and destruction is the only 
measure of success.
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are the unintended consequences 
of responding to market growth and 
change during the past 100 years.

To make more things, make those 
things better, and make them with 
less of a negative impact will require 
manufacturers to use the data they are 
creating to better anticipate changing 
customer needs, act on those changes, 
and more tightly link their design and 
manufacturing processes.

The Opportunity Ahead

A connected design and manufacturing 
process is critical because it links 
formerly disparate operations to reveal 
hidden value. Sustainable design and 
engineering practitioners emphasize 
the importance of systems thinking 
and evaluating products’ impacts 
early and often in the design process. 
The rationale for systems thinking 
and connectedness is to fi nd unlikely 
opportunities hidden across the 
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The manufacturing sector is responsible for 1.3 
billion metric tons of carbon dioxide in the United 
States, about a fi fth of the country’s total emissions 
and about the same portion of global emissions.



By Stephen Hooper and Lynelle Cameron

As a manufacturer, you’re well aware 
how fast things change. And you 
know that disruption is accelerating 
due to ongoing trends in consumer 
demands, technology advancements, 
and workforce transitions. But have 
you considered the potential impacts—
both fi nancial and environmental—
of connecting your design and 
manufacturing processes?

The confl uence of current manufacturing 
trends can spell chaos or opportunity. 
To make the most of these shifts, 
manufacturers need to reexamine their 
means of production and delivery. 
These disruptions, if properly leveraged, 
can be good for both business and the 
environment. But there’s work to be 
done in three primary areas:

1. Manufacturers need to make more 
things. The global population is 
expected to reach a staggering 10 billion 
by 2050, with half of those people in 
the middle class. This means many 
more people with expendable income 
demanding more products to suit 
their urbanized lifestyles. Keeping up 
with this demand is challenging, as is 
managing the tremendous user data it 

generates, which is expected to reach 
600 zetabytes by 2020.

2. Manufacturers need to use technology 
to make things better. Hardware and 
software technologies are getting 
more sophisticated. Advancements in 
artifi cial intelligence (AI) and machine 
learning are enabling product designers 
to leverage mountains of customer 
data to innovate faster. Production is 
seeing more connected hardware with 
the industrial Internet of Things and 
new automated techniques. Together, 
these advanced technologies are 
yielding higher levels of product quality, 
variance, and performance.

3. Manufacturers need to make things 
with less of a negative impact on the 
planet. The manufacturing sector is 
responsible for 1.3 billion metric tons 
of carbon dioxide in the United States, 
about a fi fth of the country’s total 
emissions and about the same portion 
of global emissions. Sixty percent of the 
world’s 8.3 billion tons of plastic is now 
in landfi lls or in the natural environment. 
There are currently 1,345 Superfund 
sites on the Environmental Protection 
Agency’s National Priorities List. These 
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But given the increasing scale of the 
problem and the potential of new 
technologies that provide predictive 
power, this is no longer acceptable. 
Now is the time to “build back better”—
to commit to sustainable-design 
practices that will rebuild the world’s 
infrastructure with climate resilience at 
the forefront.

Natural-disaster preparation must 
accomplish three essential things:

1. Update regulations, such as zoning 
laws and building codes, and enforce 
them better.

2. Leverage newly available tools to 
simulate the effects of rising sea 
levels and higher wind speeds, with 

Now is the time to “build back better”—to commit to sustainable-design practices 
that will rebuild the world’s infrastructure with climate resilience at the forefront.

The Salesforce tower is now San Francisco’s tallest building, but also one of the safest from 
earthquake damage due to performance-based design and computer simulation.

Better urban planning and resilient infrastructure can help prevent fl ood devastation from intensifying climate change.

Redshift 08
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more robust stress testing of the built 
environment.

3. Incorporate long-term thinking 
into urban planning to ensure that 
the policies and public works projects 
of today account for the impacts of 
tomorrow.

Beyond Building Codes

There are some encouraging examples 
of people voluntarily enhancing building 
codes to promote greater resilience. In 
the San Francisco Bay Area, a multitude 
of earthquake-related strategies can 
serve as examples for how to prepare 
for other types of disasters. Many new 
buildings in earthquake-plagued San 
Francisco exhibit the preventative, 
build-back-better philosophy by going 
beyond the base-level building codes for 
earthquake safety.

The Resilience-Based Earthquake 
Design Initiative (REDi) Rating System, 
developed by ARUP, establishes design 
and planning criteria to minimize 
structural damage, repair costs, and 
repair time. With its REDi Gold Rating, 
the 56-story commercial and residential 
tower at 181 Fremont St. in San Francisco 
is the most earthquake-resilient tall 
building on the West Coast. It should 
withstand the “maximum credible 
earthquake” for the area—a magnitude 
8.0 event—with expected repair costs 
10 times lower than a standard-code 
building and expected downtime of only 
a few weeks (as opposed to years).

Improving upon existing building codes 
is a global need. Autodesk Foundation 
supports organizations such as Build 
Change, which works with people in 
emerging nations to build houses and 
schools that can withstand earthquakes 
and typhoons. As founder Dr. Elizabeth 
Hausler says, “It’s not the earthquake 
that kills people; it’s a poorly built 
building.” Build Change works with 
governments to develop building 
standards and trains contractors in 
better rebuilding practices.

Simulation Tests

San Francisco’s tallest building—the 
1,070-foot Salesforce Tower, which 
opened early this year—is among 
the safest buildings to be in during 

an earthquake up to magnitude 8.0, 
despite its location in a soil liquefaction 
area. It benefi ted not only from going 
beyond the existing building code, but 
also from strenuous simulation tests. 
Magnusson Klemencic Associates 
worked with the city and a peer-review 
panel on a process called performance-
based design, which used computer 
simulations to test the tower’s design 
against 22 earthquakes modeled on the 
worst tremors in the Bay Area’s recorded 
history. Performance-based design 
allows architects to optimize buildings 
for their specifi c sites; save time and 
money by using fewer materials; and 
most important, anticipate disasters.

When the new eastern span of the San 
Francisco–Oakland Bay Bridge opened 
in 2013, it marked the completion of 
the largest public works project in 
California history. Engineering fi rm 
T.Y. Lin International designed it with 
seismic innovations like “accordion-
style” expansion joints that move in 
various directions during an earthquake. 
Complex computer simulations used 
throughout showed how the bridge 
would stay intact, “dancing to the 
rhythm of the earthquake.”

Other urban planners and builders 
must have those same types of physical 
and digital tools at their disposal to 

Computer simulations showed how “accordion-style” expansion joints and other seismic innovations 
would absorb earthquake shocks on the new eastern span of the Bay Bridge.

maintenance crews. There’s a lot of 
retrofi tting and renovation. When GIS, 
CAD, and BIM are connected, you’re 
improving operability and eliminating 
errors. This technology convergence 
will play an important role in predictive 
maintenance, too.

Closing the Data Loop

To create smarter cities, we need to 
make smarter planning decisions, 

which is why connecting BIM and GIS 
is so critical. Think of what integrating 
these systems can do for the evolution 
of autonomous vehicles: Car sensors 
are constantly collecting real-time 
information. However, they rely upon 
a highly accurate machine map for 
navigation, local geometry, and the 
creation of their electronic horizon.

The machine map, which can be 
interpreted by computers, is best 
described as a 3D highway-design fi le 
enriched with real-world geospatial 
information. As the autonomous vehicles 
of tomorrow collect updated road 
geometry information such as lane 
closures or changes due to construction, 
they will identify high-risk areas, which 
can be fed back to planners designing 
and maintaining future roads. The whole 
process will become more seamless, and 
the Department of Transportation will 
become more responsive when fi xing 
deteriorating roads.

Connecting real-time sensor systems, 
geographic data, and modeling data 
improves everyone’s insight, leading to 
better infrastructure-design decisions 
at any scale.
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Designing roads and bridges for longevity starts with optimizing data exchange between BIM, CAD, and GIS.



better design in the context of the real 
world, making both construction and 
operations more effi cient.

In the meantime, synthesis of the 
technologies is already underway. Case 
in point: Global engineering and design 
and fi rm Mott MacDonald is integrating 
GIS and BIM to support the rehabilitation 
of the lower Catskill Aqueduct on a 
project in New York. The resulting digital 
work product provides a progressive 
way for information to be recorded, 
indexed, and easily retrieved to support 
the successful delivery of the project.

The Science of “Where” in Risk 
Assessment

Maximizing the long-term value of 
new roads, bridges, and facilities 
means delivering better designs to 
solve many of the sustainability and 
resiliency issues facing cities today. 
This will require optimizing dynamic 

data interchange between BIM, CAD 
(computer-aided design), and the 
geospatial information provided by GIS.

Placing a digital design in a real place, 
within real geography, eliminates much 
of the front-end risk of designing and 
building. The biggest delays in large 
infrastructure projects come from the 
planning and permitting phases, 
which involve a lot of assessments of 
social, economic, and environmental 
impacts. Engineers and planners do 
much of that assessment outside of 
the design process using geospatial 
data; that’s how they look at fl oodplain 
maps or locate underground utilities. 
So, why not design using GIS and BIM 
data simultaneously?

This GIS and BIM integration is equally 
useful once a structure is built. Rather 
than oversimplifying the end data 
provided for facilities management, 
the fl exible model—connected to GIS—
delivers everything operations need. 
Customers have the ability to reuse that 
data throughout the structure’s lifecycle.

For example, operating a road in the 
real world means managing utilities, 
managing guardrail installation, 
maintaining striping, and overseeing 
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When GIS, CAD, and BIM are connected, you’re 
improving operability and eliminating errors. This 
technology convergence will play an important role 
in predictive maintenance, too.

Integrating BIM and GIS data with information collected by autonomous car sensor systems will lead to better road design and management.
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As founder Dr. Elizabeth Hausler says, “It’s not the 
earthquake that kills people; it’s a poorly built building.”

make decisions that will help the 
greatest number of people. The 
United Nations High Commission 
for Refugees (UNHCR), the UN 
body responsible for housing and 
supporting 35 million refugees 
worldwide, is beginning to put that 
idea to the test in the Bangladesh 
refugee camp of Rohingya Muslims 
who have fl ed Myanmar. UNHCR’s 
computer modeling determined that 
more than 100,000 refugees would be 
vulnerable to fl oods and landslides 
this monsoon season. In conjunction 
with other international relief groups, 
the UNHCR then ran much more low-
tech simulation exercises to prepare 
relief practitioners to deal with fl ood 
impacts and move families to safer, 
planned settlements.

Think of the Future, Act in the Now

Although it may not seem like 
it, the Army Corps of Engineers 
actually prepared for fl ooding 
around Houston by conducting 
simulations prior to Hurricane 
Harvey. However, ballooning housing 
needs in the greater Houston area 
led policymakers to ignore the Army 
Corps’ work and build housing in a 
manner that endangered lives and 

property. These actions signifi cantly 
increased the devastation caused by 
the hurricane.

Nevertheless, the long-term thinking 
necessary to address this problem 
has started to catch on in certain 
high-risk areas of this country. For 
example, in the wake of last year’s 
Hurricane Irma, Miami-Dade County 
completed a $1.2 billion plan for fl ood-
management infrastructure, such as 
water pumps, sewer improvements, 
and street protections.

However, the plan is not entirely 
funded yet. Due to short election 
cycles, the public sector can be 
incredibly risk-averse to prevention 
spending. Philanthropic organizations 
and corporate foundations often have 
more risk tolerance built in, with the 
freedom to act on new thinking and 
innovative designs. They need to 
step in and carry the torch for better 
rebuilding policies, partnering with 
governments when possible.

One such partnership had excellent 
results: After Hurricane Sandy, 
the Department of Housing and 
Urban Development (HUD) and the 

Rockefeller Foundation launched 
Rebuild by Design, a design 
competition for natural-disaster 
resilience projects. The competition 
has funded seven infrastructure 
projects in New York, New Jersey, 
and Connecticut for preventing 
fl oodwater and wave erosion damage, 
to begin construction from late 2018 
to early 2020.

Modeled on Rebuild by Design, the 
San Francisco Bay Area Resilient by 
Design challenge selected 10 design 
teams that are currently bringing 
together local residents, public 
offi cials, and experts to develop 
resiliencies to sea-level rise, severe 
storms, fl ooding, and earthquakes in 
10 locations around the Bay.

Rather than waiting for natural 
disasters, these cooperative efforts 
focus on damage prevention and 
present models for others around 
the world to follow. Preemptive 
natural-disaster interventions can 
be the catalyst for massive mind-set 
changes, moving away from ignoring 
the future and toward preparing for it.



By Zach Mortice

At KEF Infra One—a prefabrication plant outside of Krishnagiri, India—houses, cafeterias, and hospitals 
roll off an assembly line, as do the premade doors, windows, bathroom fi xtures, and furniture to be 
installed within them. It’s a one-stop shop that makes building a house as easy as buying the food, 
dishes, and cookware for a family dinner in one fell swoop at Target.
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The demands on infrastructure in 
India are huge. Given the country’s 
decentralization and its building 
trades’ reliance on manual labor, this 
level of modular building integration 
has been a far-off dream across all 

sectors. KEF Infra says it’s the only 
such facility in the world, integrating 
design, engineering, and fabrication 
to assemble building kits that provide 
far more than four walls and a roof, 
right out of the box.

“You don’t go to a Mercedes 
dealership and say, ‘Give me a manual 
and let me put a kit together,’” says 
Faizal Kottikollon, KEF Infra chairman. 
“You go and order a car off the 
showroom, and it works. So that’s 

KEF Infra’s Philip Johnson House, built in 20 days, showcases its prefabrication methods. Courtesy KEF Infra.

process means the project owner gets 
better designs and saves money.

With all information stored in the cloud, 
stakeholders in both infrastructure and 
building projects will be able to manage 
data in any environment in any part of 
the world, yet reuse and repurpose that 
information in other contexts without 
having to continuously convert data.

BIM + Location Data = Better Design and 
Long-Term Savings

Whether general contractors bring the 

construction process into a factory for 
prefabrication or turn the building site 
into an open-air factory, there’s a new 
focus on improving logistics scheduling 
and minimizing job time and waste. 
Bringing a spatial dimension into this 
new industrialized-construction process 
will increase the effi ciency of every 
project being built.

Esri and Autodesk are working on 
improved software interoperability for 
BIM and GIS, which will create a “digital 
twin” of a physical structure to enable 
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In BIM, you may design a physical structure at an object level—sketching a door, 
a window, or a wall. By adding GIS, you’re managing that structure in the context 
of a larger, smarter landscape.

Merging GIS and BIM data introduces a geospatial element into structure design, which leads to safer and smarter buildings, roads, and transportation.



By Nicolas Mangon

An unfortunate fact of the AEC (architecture, engineering, 
and construction) industry is that, between every stage of 
the process—from planning and design to construction and 
operations—critical data is lost.
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The reality is, when you move data 
between phases of, say, the usable 
lifecycle of a bridge, you end up 
shuttling that data back and forth 
between software systems that 
recognize only their own data sets. 
The minute you translate that data, 
you reduce its richness and value. 
When a project stakeholder needs 
data from an earlier phase of the 
process, planners, designers, and 
engineers often have to manually re-
create that information, resulting in 
unnecessary rework. 

The good news is that a disruption 
is brewing in the GIS (geographic 
information science) industry 
as it rapidly moves toward 3D 
modeling. This evolution mirrors the 
transformation that the design and 
construction industry is experiencing 

as it moves from 2D to 3D BIM 
(Building Information Modeling), 
and it signals the emergence of GIS 
and BIM integration into one 
holistic environment.

The BIM/GIS Alliance Begins

While GIS information is necessary 
for planning and operating roads, 
bridges, airports, rail networks, and 
other infrastructure in the context of 
their surroundings, BIM information is 
key for the design and construction of 
those structures.

Put the two together, and you have a 
layer of geospatial context blended 
into the BIM model. What this 
means, for example, is that GIS can 
provide insight about fl ood-prone 
areas and give designers accurate 
information to infl uence a structure’s 

location, orientation, and even 
construction materials.

And then there’s scale: GIS 
information operates at city, regional, 
and country scales, whereas BIM data 
applies to designing and building 
a specifi c shape or structure. Now, 
in BIM, you may design a physical 
structure at an object level—sketching 
a door, a window, or a wall. By 
adding GIS, you’re managing that 
structure in the context of a larger, 
smarter landscape. A building will be 
connected to a parcel of land, utilities, 
and roads.

When you bring together these two 
relative scales and move information 
seamlessly between them, you 
eliminate data redundancy. Adding 
better geospatial context to the BIM 

what we’re trying to do with buildings. 
We’re in the business of manufacturing 
buildings.”

KEF Infra’s goal is to build in half the 
time compared to industry standards. 
And there are few places that so 
urgently need rapidly developed 
infrastructure as India. By 2030, the 
consultancy McKinsey & Company 
estimates that the country’s urban 
population will balloon by approximately 
200 million people, requiring a $1.2 
trillion capital investment. That’s 8 to 
10 billion square feet of commercial and 
residential space—the equivalent of the 
city of Chicago—built each year.

“For a house for every Indian, the 
minimum we’re looking at is 20 million 
homes in the next fi ve years. Three 
million hospital beds in the next fi ve 
years. How are we going to achieve 
that?” Kottikollon asks. “We are not 
going to achieve that with the way we 
currently build.”

The Krishnagiri facility is divided into 
four sections: precast concrete; prefab 
bathroom pods and modular, volumetric 
rooms; modular MEP (mechanical, 
electrical, and plumbing) systems; and a 
joinery for furniture and upholstery, as 
well as aluminum glazing for complete 
façade and door systems. Throughout 
the facility, off-site manufacturing 
technology is used to pour and mold 
concrete into elements and entire 
building sections ready for assembly. 
The company uses Autodesk Revit, and 
building information modeling (BIM) is 
critical to its business model.

Kottikollon’s highest-profi le project has 
been the 400+ canteens (semipermanent 
cafeterias) delivered to nearby 
Bangalore in 2017. Served by a network 
of centralized and attached kitchens, 
the canteens offer inexpensive food 
(lunch and dinner cost about 20 cents) 
for working-class and poor Indians. They 
feed about 200,000 people each day, 
and KEF Infra is working to install more 
canteens across the state of Karnataka.

Each canteen has the image of former 
prime minister Indira Gandhi printed 
on its walls using graphic concrete and 
is constructed in a warp-speed of four 

canteens a day. The project’s full design 
and installation was equally rapid. The 
state government promised to have the 
canteens installed by mid-August but 
didn’t approach KEF Infra until May 1.

Kottikollon previously founded and sold 
a company that fabricated industrial 
oil and gas valves in the United Arab 
Emirates. Its success was rooted 
in using technology to slash time 
and material costs from production 
schedules, as his valves could be made 
in one-fourth of the time as competitors. 
This engineer’s mindset has stuck 
with him at KEF Infra, where buildings 
are considered commodities, though 
Kottikollon has said he views his new 
endeavor as a technology company 
above all.

But whether the output is built 
infrastructure or new manufacturing 
technology, what’s motivating KEF Infra, 
Kottikollon says, is a social mandate 
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“For a house for every Indian, the minimum we’re 
looking at is 20 million homes in the next fi ve years. 
Three million hospital beds in the next fi ve years. 
How are we going to achieve that?”

In 2017, KEF Infra built more than 400 “canteens” (semipermanent cafeterias), which offer inexpensive 
meals for working-class Indians. Courtesy KEF Infra.



to lessen India’s crushing levels of 
inequality. He began his fi rst forays as 
a self-described “social entrepreneur” 
in the construction world with a pilot 
project for a public-school upgrade in 
his home state of Kerala, India. “The 
situation of government schools is 
so dire because there are not enough 
toilets,” he says. “There are not 
enough classrooms. There’s not a safe 
place to eat in these schools. They’re 
all in a largely dilapidated condition.”
 
Phase 1 of the fi rst renovation was 
completed in 95 days during the 
summer vacation. By refi ning its 
prefab and modular techniques, 
KEF Infra has been able to design, 
manufacture, and assemble new 
schools and other infrastructure in 
just a few weeks.

“That state is producing 1,000 
government schools based on that 
one model,” Kottikollon says. “That’s 
really what made us realize that the 
speed at which infrastructure can 
be designed and built, and obviously 
delivered, would be the next chapter 
in my life as well as in KEF’s life. And 
that’s how the whole prefabrication 
idea got realized; then we moved into 
hospitals and hotels and housing.”

Completed last year, KEF’s 500-bed 
hospital in Calicut was built in 18 
months, at about one-fourth the 
per-bed cost of standard hospitals in 
the United States. And there are even 
higher-profi le projects on the horizon. 
For Indian IT giant Infosys, KEF Infra 
is working on what will be the world’s 
largest freestanding clock tower 
in the Indian city of Mysore. At 443 

feet, it will dwarf the previous record 
holder (the Old Joe clocktower at 
the University of Birmingham) by 
more than 100 feet, and will be built 
entirely off-site.

KEF Infra is also heavily invested 
in prefabricated construction of 
residential buildings and houses. As 
far as affordable housing, the fi rm 
posits its systems can offer higher 
quality and more durability than 
the public sector can supply. The 
company is experimenting with a 
variety of models (some of which can 
be assembled in three hours) at a 
range of price points.

Perhaps most exciting is what 
Kottikollon has dubbed the “E Home 
Project”: houses you can design 
and order online, like a bouquet of 
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At KEF Infra’s prefabrication plant in Krishnagiri, India, buildings and building parts are produced on assembly lines. Courtesy KEF Infra.
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robots can perform complex 
processes that are currently highly 
manual and time intensive. This is 
just one way enhanced automation 
will take on manufacturing duties, 
freeing up precious time for humans 
to focus on greater design and 
engineering challenges.

It’s understandable that this infl ux of 
automation is often accompanied by 
an increasing uncertainty and unease 
about the future—and how it might 
affect your work. Automation has and 
will continue to change how everyone 
works; this has been happening for 
decades. But it’s also changing and 
expanding what people are able to 
make. It offers the power to solve 
design challenges more quickly, 
easily, and elegantly. Automation 
technologies amplify and augment 
human abilities to make better things, 
to design a better global future.

It’s not about needing more 
technology. It’s about people—people 
like you who have the right mind-
set and vision. Now that you have 

the power to optimize everything 
that’s made, what do you want to 
create? What values will you bring to 
your work? What design intent will 
humans offer while collaborating with 
machines? What will today’s citizens 
leave behind for the billions of people 
who will soon populate this planet?

If people work together to do this 
right, the future will be about more 
than just buildings that consume 
less energy; it will be about buildings 
that generate their own clean energy. 
It won’t be just about cities with 
less air or water pollution; it will be 
about cities that are safe, walkable, 
and inclusive, with neighborhoods 
that unite communities rather than 
divide them.

Designing and making more things 
with less negative impact is an 
inevitable reality given this planet’s 
fi nite resources. It is this opportunity 
to make things better that fi res me 
up—a future with abundant, renewable 
clean energy; a future with circular 
manufacturing and construction 

where materials are used and reused 
and the concept of “waste” goes away; 
a future with resilient communities.

This is doable. The technology is 
available, and humans no longer have 
to fi gure it out alone: Automation 
is humanity’s partner, augmenting 
human abilities and capacity to make 
better things.

As the next generations to lead the 
workforce, you get to build on the 
work that’s been done and take it 
further. You’ve already made it clear 
that you care about the future, you 
care where your products come 
from, and you care that the company 
you work for refl ects your values. 
You’re not afraid to take risks and 
make big bets. And now you have the 
technology to amplify and augment 
your energy, talent, skills, and passion 
to design a better future.

Watch Lynelle Cameron speak about automation 
and the future at Re:publica 2018.



accommodate, the world will need more 
products, more infrastructure, and more 
buildings. In fact, an incremental 1,000 
buildings per day need to be built today 
and every day into the future just to 
house this population. And the only way 
to keep pace with the inevitability of 
needing more stuff for more people is to 
leverage technology not only as a design 
tool, as it has been, but also as a design 
partner and cocreator. Automation 
unlocks your ability to design this future.

When many people think about 
automation, they jump to the idea of 
robots transforming manufacturing 
operations and taking away jobs. 
That is happening, but the future of 
work automation is about more than 
robots. Think about how automation 
has transformed the design and make 
process from drafting and 2D CAD to 3D 
modeling and now generative design.

Automation is about using simulation 
to validate or optimize a design without 
needing to make a physical prototype. 
It’s about creating a building information 
model (BIM) to foster collaboration 
among architects, engineers, and 
construction teams so they can make 
decisions in real time across traditional 
work silos. Automation today is about 
using abundant computational power 

and the cloud to generate thousands of 
design options with generative design.

In fact, some forward-thinking 
companies and organizations are 
already putting technology and 
automation to use in ways that are 
solving big problems. Take Build Change, 
an organization that builds earthquake- 
and typhoon-resistant homes and 
schools in developing nations and trains 
local governments and businesses to 
build them safer and able to withstand 
future disasters. Build Change uses 
drones and photogrammetry to map 
remote villages and assess earthquake 
damage so that affected communities 
can rebuild in the most effective, 
resilient way possible.

On the manufacturing side, an EU 
consortium of industry and academic 
partners is researching ways to teach 
robots industrial-polishing tasks 
through a project called SYMPLEXITY. 
Through algorithmic programming and 
machine learning, the idea is that 

Redshift25

Automation technologies amplify and augment 
human abilities to make better things, to design a 
better global future.

fl owers. “You’d be able to choose from 
a variety of designs, probably 50,” he 
says. “There’d be single-story, double-
story, two-bedroom, three-bedroom, 
four-bedroom. They can come with 
all of the technology that goes into a 
smart home, but the idea is that we’re 
giving the power of home buying to an 
individual and making the entire process 
of designing, building, and delivering a 
home extremely easy.”

Despite its dire need for rapidly 
deployable infrastructure, India isn’t 
an intuitive fi t for high-tech modular 
construction, with its cheap manual 
labor and relatively low thresholds 
for fabrication technology. But if the 
company can cost effectively install 
prefab there, the rest of the world will 
likely know about KEF Infra soon as well.
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KEF Infra’s prefabricated affordable homes can be assembled in less than three hours. Courtesy KEF Infra.



By Massimiliano Moruzzi

When it comes to building a bridge, what prevents it from having the most enduring and sustainable 
life span? What is its worst enemy? The answer is, simply, the bridge itself—its own weight.
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Built with today’s construction 
processes, bridges and buildings 
are so overly massed with energy 
and material that they’re inherently 
unsustainable.

While concrete is quite literally 
one of the foundations of modern 
construction, it’s not the best 

building material. It’s sensitive 
to pollution. It cracks, stains, and 
collapses in reaction to rain and 
carbon dioxide. It’s a dead weight: 
Take San Francisco’s sinking, leaning 
Millennium Tower as an example.

Modern, smart construction can 
and will do better. A convergent set 

of technologies will soon radically 
change how the construction industry 
builds and what it builds with.

A holistic shift toward new materials, 
additive manufacturing, robotics, 
and a new generation of synthetic 
brains (including FPGAs, aka Field 
Programmable Gate Array devices) 
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By Lynelle Cameron

As a member of the next generation, are you worried about the future? Are you worried about robots 
and increasing levels of automation impacting your life and livelihood? Given the headlines these 
days, this is understandable. I, however, am more optimistic than ever about the future—one with 10 
billion people on Earth, most living in cities (many of which haven’t been built yet) and more than half 
enjoying middle-class lifestyles, with all of the accompanying energy needs, resource requirements, 
and planetary pressures.

Meeting those needs sounds like 
a massive challenge, and it is, but 
it’s also the design opportunity 
of a lifetime. Although this seems 
daunting, I think it’s possible, 
and here’s why: Today, you have 
unprecedented access to the tools 
and technologies needed to make 

better decisions about everything 
you design and make. While 
ambitious, it’s possible to bring 
billions into the middle class, have 
abundant energy for everyone, and 
create a higher quality of life for all. 
It will not be easy. Manifesting this 
future will require being extremely 

intentional about designing for 
billions, not merely one billion. 
Designing a world that’s better for 
everyone will likely shape a future 
that is better for anyone.

So what does that better world 
look like? With 10 billion people to 



a half a second, it’ll put a little tick 
mark in that viewpoint,” he says. “You 
do this for 25 people in this offi ce, 
and then all of a sudden you know 
where people want to look, where 
they want to be, and then you can 
feed that into learning. So you can 
orient your furniture in a specifi c way, 
for example.” And just like that, the 
design can be optimized before your 
last sip of morning coffee.

Data-driven design evaluation can 
extend to high-level concepts. “We 
can put someone in VR, and they 
can be inside the space and we 
can ask them, ‘Is this exciting or 
not? Is it inviting? Is it beautiful?’” 
Stoddart adds. “Then we can feed 
that into machine-learning system 
as a supervised learning problem 
and actually have that software help 
us predict, from the thousands of 
designs we’re generating, which 
ones are doing interesting things 
with high-level spatial and material 
qualities that are worthy of further 
investigation.”

Learning by observing AI preferences 
poses new challenges for designers. 
“We need to raise the fl oor of the 
intelligence,” Hunzeker says. “We 
need to raise the fl oor of the 
effi ciencies and the trust between 
technology and people.”

And, a little humility goes a long way, 
according to Stoddart. “The idea of 
automation taking that human agency 

in design out of the problem 
is something that I have no interest 
in exploring because I think you lose 
the value of design at that point,” he 
says. “But we have to address our 
hubris in understanding our ability 
to predict solutions to increasingly 
complex problems.”

How can humans learn to trust 
artifi cial intelligence? It’s all about 
validation, Stoddart says. “At the 
moment we can validate, we can 
trust it, we can actually let it start to 
explore ideas in a broader sense. 
Not only to confi rm the things that 
we already know, but ideally to show 
us alternative ways of doing things 
that we may not have thought 
about before.”

So in essence, the robots are 
not coming for today’s jobs, but 
rather coming to give humans the 
opportunity to rethink and reinvent 
what jobs truly ought to be, and a 

lot of fears can be quelled simply by 
reframing them. As Stoddart puts it, 
“Now that we can do something that’s 
able to deal with more complexity, we 
should redesign the way we formulate 
the problem.”

Creativity will remain the realm 
of the human mind. And thanks to 
AI, humans are increasingly being 
afforded the ability to create and 
design the world they want to live 
in and leave the dirty work to 
the machines.
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will drive innovative “construction 
workcells”—automated manufacturing 
ecosystems that will use robotics to 
build smart surfaces, objects, and even 
buildings. Combining these four forces 
will drive the construction industry 
through a sea change, enabling smarter 
and more sustainably built cities.

Imagine construction robots having the 
intelligence to infuse smart functionality 
into building material. Say, for example, 
you’re sitting in a room that feels too 
hot. It’s unresponsive to your discomfort; 
it can’t gauge what you want, and the 
temperature won’t change until you turn 
down the thermostat. But if the room is 
built with a smart composite material, 
the wall acts more like a skin that can 
sense your mood and react to you.

A smart bridge or road can mean 
multiple things. It can be smart because 
Internet of Things (IoT) technology 
enables it to be responsive. Or it can be 
smart because it’s sustainable, perhaps 
constructed with an advanced weave of 

natural and engineered fi bers instead of 
concrete and rebar.

Achieving responsiveness requires 
embedding multifunctionality into the 
bridge or the road. Wouldn’t it be way 
more effi cient to 3D print a channel of 
wire into a bridge beam rather than add 
an external wire as a secondary process 
in construction? Why not integrate the 
functionality into one process?

With additive manufacturing, design 
complexity is never a challenge. 
Through robotics and 3D printing, 
smart infrastructure (bridges, roads, or 
houses) can be manufactured in ways 
previously impossible for humans to 
accomplish by hand. For example, people 
traditionally build more orthogonal, 
right-angled structures; 3D-printing 
robot workers operate without those 
human biases and constraints.

Tomorrow’s construction projects will 
use more fl exible materials—engineered 
substances such as carbon fi ber and 
polymer or natural materials such as 
silk and cotton. There will be many more 
sustainable, lightweight, and cheaper 
alternatives to dense and infl exible 
concrete. These kinds of advances are 
already being used to create futuristic 
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Imagine construction robots having the intelligence 
to infuse smart functionality into building material.

A close-up of the fabricated panels Kreysler is constructing for the One Thousand Museum tower in Miami. 
Courtesy Kreysler & Associates.



furniture and high-performance 
vehicles such as 3D-printed yachts.

Integrate sensors within lighter, 
more powerful materials that can 
carry information—and even store 
energy like a battery—and this 
new generation of construction 
will come to life. Unlike concrete, 
composite, FPGA-fused material is 
continuous and sustainable. With 
3D printing, sensors and wires can 
be incorporated during the building 
process, giving bridge beams, roads, 
houses, and structures the ability 
to monitor themselves—measuring 
temperature, pressure, and other 
parameters like the human nervous 
system does. These structures 
could even communicate and repair 
themselves like the human body, 
which could result in longer building 
life spans.

Kreysler & Associates president Bill 
Kreysler has already pioneered this 
kind of reactive, lifelike material, 
incorporating it into projects ranging 
from Tulsa’s Boathouse Pavilion 
gathering center to Zaha Hadid 
Architects’ soaring One Thousand 
Museum residential tower in Miami. 
And thanks to Kreysler, who started 
his career building racing sailboats, 
fi berglass is now a common 
construction material.

Composite materials have also been 
central to the evolving automotive 
industry, which uses light, synthetic 
substances to cut vehicle weight and 
reduce emissions.

Meanwhile, the potential for 
biological-like responses in these 

kinds of materials makes the skin 
comparison even more apt. With 
increased sensory capabilities, a 
building will be able to instantly 
adapt to environmental changes. The 
walls of the future will be able to act 
like biological material and “heal” 
themselves when they’re damaged.

Say you’re building with a smart fi ber 
material. The fi ber will have some 
resin inside, like your blood. Inside 
the resin, there will be a microbubble 
of an uncured, epoxy-like substance. 
When broken, the substance comes 
into contact with air and starts to 
oxidize. The process can seal cracks, 
reacting much the same way that 
a human body triggers a chemical 
reaction to begin healing a cut.

Like skin, the mechanical sensors 
will act like nerve endings, allowing 
for constant adaptation. Numerous 
self-healing concrete experiments 
have already shown this idea taking 
root, but using composite materials 
as building blocks will evolve the 
concept—and much more sustainably.

While it may seem like science 
fi ction, all of this technology is real 
today. And with human support, 
these seemingly far-fetched ideas 
could become reality over the next 
decade. But for this kind of advanced 
construction to catch on in the 
mainstream, the industry needs 
to start experimenting by building 
landmarks to show that these projects 
are possible. By demonstrating 
new concepts on facades and other 
nonessential structural components, 
Kreysler and like-minded innovators 
can prove that these types of projects 
are safe, sustainable, affordable, 
and effi cient.

To show what’s possible tomorrow, 
the construction industry needs to 
build educational and informational 
infrastructure today. The construction 
advances of the future will come only 
when builders embrace the potential 
of the present.
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In-progress photo of the Boathouse Pavilion in Tulsa, Oklahoma, composed of 130 sail-like, fi berglass-reinforced polymer panels. Courtesy Kreysler & Associates.

Self-healing materials such as concrete will seal cracks, similar to the way human bodies heal cuts.

While some designers will have 
trouble pivoting from traditional roles, 
others will embrace new creative 
freedoms afforded by machine learning 
in architecture. Seeing these advances 
as tools rather than obstacles can 
lead to freedom from the constraints 
of old models.

Embracing Automation

Modern society takes automation for 
granted. They may not be called robots, 
but phones, printers, microwaves, 
cars, Alexas, and Google Homes are all 
automating tasks that were once done 
manually—and painstakingly.

Automated technologies are not new; 
they’re just evolving, in the same 
way the human mind is evolving the 
way it processes information. In fact, 
computer-aided design (CAD) has been 
around for more than half a century. 
As Jim Stoddart of architecture studio 
The Living says, with advancing 
technology, “we got faster versions of 
the pen and paper.”

The thing is, automated processes 
are already integral to design; we’ve 
just labeled them differently. “If I’m 
designing something in Revit, and it’s 
automatically producing coordinated 
documents to construct that thing, I’m 
not worried about that,” Stoddart says. 
“It is automation; it’s actually doing all 
of these things I used to do manually.”

Playing to the strengths of artifi cial 
intelligence (AI) calls for a shift in 
approach to solving design challenges, 
Stoddart says. “We have to restructure 
where we focus our attention to different 
parts of the problem.”

“In an entrepreneurial sense, as soon as 
someone comes in to do your job, you 
get to level up,” says Mike Mendelson, 
certifi ed instructor and curriculum 

designer at the Nvidia Deep Learning 
Institute. “Say, ‘Now that I have this 
new capability, let me reimagine the 
entire workfl ow,’ so you can continually 
reinvent the process.”

Improved computing capabilities are 
providing more opportunity to balance 
human and machine intelligence, letting 
each do what it’s best at. “Computers 
are not good at open-ended creative 
solutions; that’s still reserved for 
humans,” Mendelson says. “But through 
automation, we’re able to save time 
doing repetitive tasks, and we can 
reinvest that time in design.”

“We can still leverage the things that 
humans are really good at—the human 
intelligence, the creativity—but then 
also leverage the machine intelligence, 
the specifi c capabilities for computers 
to solve problems really quickly,” 
Stoddart says. Essentially, “a hybrid 
approach that is actually better than 
what we’re able to do with one or the 
other separately.”

Trusting Data-Based Design

Nowadays, before building a structure, 
designers can generate and test infi nite 
models before physically employing 
any design in the construction, saving 
time, money, and resources. While 
certain design attributes that contribute 
to an “ideal” space (day lighting, 
visual distractions, and so on) can 
be measured quantitatively, human 
preferences tend to be too complex to 
measure manually.

Zane Hunzeker, virtual design and 
construction manager at Swinerton 
Builders, says the company is already 
using software to optimize design based 
on user feedback. “One of our softwares 
in VR [virtual reality] will track where 
you’re looking, and if you’re stopping 
and looking at something for more than 
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“Computers are not good at open-ended creative solutions; that’s still reserved 
for humans. But through automation, we’re able to save time doing repetitive 
tasks, and we can reinvest that time in design.” — Mike Mendelson



By Wasim Muklashy

For 50 years, humans have worried about machines taking their jobs—and in some cases, this fear has come 
true. In design fi elds, though, creatives are reaping the benefi ts of collaborating with computers, fi nding 
more time for creativity while machines handle data-based tasks. But real progress will mean challenging 
traditional defi nitions of design and designers, from architecture to engineering to manufacturing.
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By Rich Thomas

Precihole’s website dubs Azhar Qazi the “next generation” to lead the machine-tool company. The son 
of cofounder A.A. Qazi, he fully intended to jump into the design and development end of the family 
business. But Qazi soon realized that his role at Precihole Machine Tools, one of India’s leaders in 
deep-hole-drilling solutions, would require much more than machine design.

Precihole Machine Tools serves the 
engineering needs of diverse industries, 
including defense, aerospace, oil, and 
medical. When Qazi came on board, a 
high turnover rate and a general lack 
of marketing knowledge within the 
company were inhibiting Precihole from 
moving forward. So after putting in a full 
day’s work, Qazi would stay up all night 
watching YouTube tutorials for programs 

like CorelDRAW and Adobe Illustrator to 
create brochures and other marketing 
collateral on his own.

But Qazi didn’t stop there: When the 
website needed a redesign, he took that 
on. And when prospective customers 
needed a better way to view products, 
he taught himself animation so he 
could make illustrative videos. “I could 

Images Courtesy Precihole Sports



not limit myself to learning in a 
few areas of machine design,” Qazi 
says. “I always keep on fi nding what 
new technologies are available—3D 
printing, virtual reality, augmented 
reality, and so on. I fi nd out all this 
from YouTube and then apply it to 
my organization.” 

His by-any-means-necessary 
mentality, along with a passion for 
process optimization, has elevated 
Precihole Machine Tools’ profi le 
and enabled the company’s younger 
venture, Precihole Sports, to become 
the leading air-rifl e manufacturer 
in the country. Here, Qazi explains 
his multifaceted role at both 
companies and shares his ambitious 
goal of raising the profi le of Indian 
manufacturing around the world.

Are your roles similar for Precihole 
Machine Tools and Precihole Sports?

I work on design and development for 
both companies, but as a business 
owner, I’m never limited to one 
department. Over the past three 
years, if I were to describe my job 
responsibility in one line, it would be 
to reduce waste. My activity involves 
reducing all the nonvalue-adding 
activities in all departments. I’m 
trying to reduce the nonintelligent 

activities as much as I can so I 
don’t require a person to do any 
repetitive tasks.

Precihole Sports has been in 
business since 2012. What were some 
of the challenges in launching this 
new venture?

Shooting is the only sport in India 
that has received an individual 
Olympic gold medal. And we are 
currently the only company that 
makes international-quality air rifl es.

One of the biggest challenges is 
getting the prototypes into the 
production stage. We have to 
outsource certain operations, and 
in India, it is very diffi cult to fi nd 
quality vendors. We have to work with 
vendors who have never worked in 
3D software, not even in 2D software. 
They are working with hand drawings. 
So we decided to stop treating 
them as just a vendor; we started 

considering them part of the company 
and helping them. For example, to 
manufacture a part, they would 
require fi xtures, so we would design 
those fi xtures for them. One of our 
people would go check the process so 
that we get the required output. Now 
we are comfortably achieving 75 rifl es 
per day to meet the market demand.

How do the daily challenges differ for 
Precihole Machine Tools?

The biggest problem we face now is 
that when Americans or Europeans 
hear about machines being built 
in India, they’re really skeptical. 
We were recently about to supply 
a European customer with fi ve 
different machines. Explaining our 
machines to him was the fi rst task, 
and then convincing him that we can 
manufacture quality machines in India 
was the second task.

We created conceptual 3D models 
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“I could not limit myself to learning in a few areas of 
machine design,” Qazi says. “I always keep on fi nding 
what new technologies are available—3D printing, 
virtual reality, augmented reality, and so on.”

A deep-hole drilling machine. Courtesy Precihole Machine Tools.
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of all fi ve machines; then, I took those 
models home and animated them, 
showing the different parts, different 
assemblies, how they function. And the 
fi nal part of each animation showed how 
the product is manufactured. While we 
were showing the customer these fi ve 
videos, their technical person was just 
sitting quietly. Once we fi nished showing 
all the videos, he just said one sentence: 
“I want exactly the same machines that 
you have shown me in the video.”

What’s one of the most diffi cult parts of 
your job?

To get quality people who are interested 
in learning new things is very diffi cult 
because the people we get from colleges 
are focused on only going to work from 
9 a.m. to 6 p.m. You tell them to do this 
and that, and they’ll do what they are 
told—they won’t try to innovate. Getting 
people who want to innovate and learn 
new things is diffi cult because people 
from India leave to study and work in 
the United States and other countries 
because they get highly paid there.

How do you keep your employees 
motivated?

We try to create a personal relationship 
with them. Since it’s a small 
organization, it’s more like a family. For 
example, one of my employees wanted 
to buy a house. He wanted to take a 

loan from the bank, but the bank was 
charging a very high interest rate. We 
gave him a loan from the company and 
said: “You don’t have to pay any interest. 
Whenever you have the money, you can 
pay us back, or we can cut back from 
your salary every month.”

What excites you the most about 
the future of your business or 
manufacturing in general?

The best feeling is when I design 
something and see it function in real 
life, doing what it is supposed to do. 
That is the best satisfaction that I get 
from my work. When the customer says, 
“You delivered exactly what we wanted, 
and sometimes even more than what 
we wanted”—that is something that 
excites me. Right now, we are the only 
premium product supplier in India—the 
leader in deep-hole-drilling machines. 
Same goes with Precihole Sports. We are 
the only company that manufactures air 
rifl es of such high quality. Our ultimate 
goal is to be among the top players 
throughout the world. We want to 
change people’s perception when they 
think about India and Indian machine 
tools or Indian products.

Redshift’s “The Real Life” series reveals 
the trials, triumphs, and truths of being 
an architect, engineer, contractor, 
designer, or other creator/maker.

Precihole Sports is India’s leading air-rifl e manufacturer. Courtesy Precihole Sports.
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