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As consumers, we all know how radically 
our lives have changed since moving from 
an analog to a digital world. In fact, a World 
Economic Forum report[1]  states,

“During the past 15 years, the Internet 
revolution has redefined business-to-
consumer (B2C) industries such as media, 
retail and financial services.”

The same World Economic Forum report then 
goes on to say the “Internet of Things (IoT) 
will dramatically alter many of the industrial 
sectors of the economy that together account 
for nearly two-thirds of the Global Domestic 
Product.” Industrial sectors include bedrock 
industries such as power, water, healthcare, 
transportation, and, of course, construction.

In this white paper, we’ll discuss the 
ramifications for the construction industry, 
with a particular focus on what the future 
“Digital Contractor” looks like, and the 
imperatives for construction equipment 
manufacturers.

The key takeaway is that due to a labor 
shortage, tight margins, and the desire to keep 
workers safer, the successful contractor of 
the future will leverage digitalization and the 
Internet of Things to standardize, automate, 
and remove manual operations from the job 
site, using a smarter and safer approach to 
complete projects. 

Construction equipment manufacturers 
should position themselves to provide high-
value digital solutions to these contractors 
because, ultimately, construction companies 
that don’t adapt to this technology will be 
supplanted by those that do. 

Three Potential Benefits of Becoming a 
Digital Contractor

It’s important to understand that there is 
no single “digital killer app” provided by 
construction equipment manufacturers or 
application developers that will prove to be the 
core driver for digital adoption by contractors. 
Rather, once a contractor begins to deploy 
various digital technologies in the building 
workflow, the Digital Contractor will begin to 
experience a number of improvements that can 
be broadly grouped into three fundamental 
areas: improved labor productivity, reduced 
costs and enhanced safety.

Improved Labor Productivity
The first driver is for contractors to leverage 
digital technology to improve labor 
productivity. Unfortunately, while global labor 
productivity has increased over the past two 
decades by 2.8 percent, and manufacturing 
has seen a growth of 3.6 percent, construction 
has been stuck with the worst growth in labor 
productivity across all industries at just 1 
percent per year.[2]

And compounding the problem of low 
productivity growth is the labor shortage. 
According to a Job Openings and Labor 
Turnover (JOLTS) report by the Bureau of 
Labor Statistics, there were 278,000 open 
construction jobs in November 2018. And this 
number is probably a low estimate, as smaller 
construction firms often get labor by word of 
mouth, versus posting job openings.

Reduced Costs
The second driver for adopting digital 
technology is the need to reduce costs, as 
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construction has some of lowest margins 
across all industries. According to an NYU 
report[3], construction pre-tax unadjusted 
operating margins are just 4%, which is just 
about a point or two above retail grocery stores 
and food wholesalers.  

Enhanced Safety
The third driver is to utilize digital technology 
to enhance safety. Overall, each year there 
are on average 18 deaths for every 100,000 
construction workers.[4]  More specifically, 
an estimated 2.3 million construction 
workers—65 percent of the construction 
industry—work on scaffolds. And 4,500 
injuries and over 60 deaths occur every year 
due to scaffold-related accidents, which comes 
at a cost to American employers of $90 million 
in workdays lost.[5]

As another data point to the impact safety has 
on contractors’ financials, Gaylor Electric’s 
data show that jobs with no safety incidents 
have an average gross margin of over 20 
percent, whereas jobs with a recorded safety 
incident have on average gross margins of less 
than 6 percent.

3D Building Information Models (BIMs)

The journey from analog to Digital Contractor 
begins by adopting three-dimensional (3D) 
Building Information Models (BIMs). It’s 
equivalent to how analog music had to first 
be digitized before additional value-added 
services could be brought to market, such as 
music streaming. Today, BIMs have extended 
beyond 3D, adding time to the fourth 
dimension (4D), cost and materials to the fifth 
dimension (5D) and lifecycle management to 
the sixth dimension (6D). 

BIM is more than 3D Design Technology
In actuality, there is some confusion regarding 
the adoption of BIM in construction and the 
benefits for contractors. For instance, one 
common misconception is that BIM is simply 
a technology, or that it only refers to 3D 
design. BIM is actually a process for creating 
and managing all of the information about 
a project, leading to an output known as a 
Building Information Model, which contains 
digital descriptions for every aspect of the 
physical project.

In addition, while BIM is mostly associated 
with design and preconstruction, it absolutely 
benefits every phase of the project lifecycle, 
even well after a project is complete. Building 
Information Modeling allows projects to be 
built virtually before they are constructed 
physically, eliminating many of the 
inefficiencies and problems that arise during 
the construction process.

Resistance to Adopting BIM
Many contractors, especially smaller ones, 
have yet to adopt building information models 
for these primary reasons: 
•	 Resistance to change status quo: Many 

of the people involved in the construction 
industry have reached a certain age where 
they lack the enthusiasm to adopt new 
methods, even if they seem promising.

•	 Limited budgets: Adoption of BIM involves 
high implementation fees and training 
costs, which includes the cost of hiring 
experts, training the existing workforce, and 
making an investment in new technologies. 
Organizations can fail to realize the long-
term savings that adoption of BIM in 
construction brings and limit their vision to 
short-term cost and benefit comparisons.
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•	 Believed to be overkill: Many smaller firms 
believe that their projects are not complex 
enough to require creating BIMs, although 
the experiences of many contractors who 
have adopted the technology confirm that 
the change is worthwhile. Unfortunately, 
those who continue to resist the change will 
likely be left behind.

3D Modeling Creates a New Set of 
Challenges
Ironically, creating digital design models 
presents an additional challenge: The need 
to bridge the gap between the digital world 
represented in the BIM that the contractor 
wants to build, versus the physical world of 
what the contractor is actually building.

It also creates the challenge of how to gather 
data about what’s going on in the physical 
world, which helps map what contractors want 
to build compared to what they are actually 
building.

To help us better understand solutions to 
address these challenges, we will now provide 
an overview of the Precision IoT Framework, 
which helps us structure our conversation 
around the digital technology solutions 
becoming available to contractors.

One Contractor’s Initial Journey to Adopting BIM

Hensel Phelps is one of the largest general contractors in the United States, ranked consistently among ENR’s 
(Engineering News-Record) top 20 contactors.[6]   For Hensel Phelps, the transformation to 3D represented a 
paradigm shift for the company. But this shift was more about updating the internal process, learning how to 
use the next generation of digital tools and thinking not only in the XY, but also in the Z direction.

Started Using BIMs to Win New Business
Hensel Phelps began using digital tools in procurement to win new business. The company would create a 
“Hollywood BIM” to demonstrate both that they understood what the owners and developers wanted, and 
also what Hensel was proposing to build and in what sequence. For owners and developers, this is very pow-
erful. 

Moved on to Scheduling
Soon, Hensels Phelps’ superintendents began to see the value of using the same 3D technology to convey 
their schedules, for instance, running sub-contractor meetings. Now, instead of reviewing 3,000-line sched-
ules, they were showing one- to two-minute visual sequences of everyone’s work. The visual component 
makes it easier to grasp the work, as many people cannot visualize in 3D. In addition, subcontractors could 
now see how their work impacted the work of others.

Materials Estimating
Beyond just procurement and scheduling, Hensel Phelps then realized they could use the data for estimating 
material needs, such as the right amount of concrete or pipe. 
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PreCIsIon IoT 
framework: ThIngs, 
ConneCT, ColleCT, 
learn and do

Digital transformation or IoT solutions can be 
quite complex. To help simplify this landscape, 
we provide the Precision IoT Framework, 
which consists of five layers: Things, Connect, 
Collect, Learn and Do. 

First, there is the Thing or machine that is now 
Connected and providing data on both the 
machine itself and the environment around 
the machine. Then the data being provided 
has to be Collected somewhere (such as in the 
cloud) and this data analyzed so that both the 
OEM and contractor buyer can Learn insights 
and ultimately Do things differently than 
the status quo before deploying the digital 
transformation technology. 

Next, utilizing the Precision IoT Framework to 
organize the discussion, we’ll review example 
products that combine to make IoT solutions, 
which ultimately help digital contractors 
improve labor productivity, reduce costs and 
enhance safety at the job site. OEMs must 
provide products that utilize the Precision 
IoT framework in order to enable the Digital 
Contractor to thrive.  

Figure 1: Precision IOT Framework
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ThIngs: examPle 
maChInes used by The 
dIgITal ConTraCTor

In discussing the things that are enabling 
contractors to make the digital leap, we’ll 
discuss a number of new machines, such 
as drones, mixed-reality glasses, robotics, 
autonomous vehicles, and telematics.

Drones
Drones are already becoming fairly prevalent 
on the construction site. According to one 
vendor alone, DroneDeploy, their drone 
solution has mapped over 30 million acres at 
over 400,000 job sites in over 180 countries.

So, why use drones?

Essentially, a picture is worth a thousand 
words, especially if they are the right pictures. 
Drones are used to see and measure what’s 
happening on the job site, which is difficult to 
know in a purely analog world given there are 
so many moving parts. Fundamentally, drones 
help us to answer questions like:
•	 What’s out there?

•	 What’s changing?

•	 Are we building the right things at the right 
time and in the right place?

•	 Are there safety issues?

Figure 2: Drones
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Figure 3: BIM Design Overlaying Physical Image

Essentially, when used in conjunction with BIMs, drones allow contractors to connect the physical 
world of what’s out there on the job site with the digital world of what they want to build.
 
And even with the falling costs of sensors, you can’t put one on every brick and every window 
seam. Therefore, the use of high-resolution drone images allows contractors to map the job site 
and know precisely how things are going.

Three fundamental use cases for drones include:
•	 Site documentation:  Side-by-side before and after views, along with overlays of the current 

state of the environment with the 3D models, help track progress for clients, contractors and 
subcontractors, which also improves collaboration and planning. 

•	 Inspections: From roofs, windows and sides of buildings to solar panels, drone-derived 
imagery can be used to inspect for quality issues, which helps the general contractor to both 
keep everyone on the right track, and communicate any problems.

•	 Earthwork tracking: Drones can also be used to track earthwork progress, from creating 
contour files to comparing the current state against plans to understand how much work is left. 
Drone images can also help monitor how much materials a subcontractor brings to the site.

Ultimately, drones help contractors to: 
•	 Improve labor productivity: Utilize highly skilled labor to focus on their craft versus walking 

the site doing inspections.

•	 Reduce costs: One contractor tells a story of how a subcontractor invoiced him for 700 yards of 
material, but a drone fly over revealed the subcontractor had only brought 500 yards of material 
to the site.

•	 Enhance safety: Drones can take detailed, high-resolution images of places that are generally 
unsafe for workers to be, such as on the sides of buildings where inspections are needed.

http://www.precisionstory.com
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Laser Scanning

Drones aren’t the only way for contractors to 
capture high-resolution images of the physical 
job site. Laser scanning is another available 
option. And although there is no silver bullet 
solution, some will argue that terrestrial 
laser scanning can provide higher degrees of 
accuracy. Laser scanning also tends to gather 
more accurate contour mapping.

Drones, on the other hand, tend to be less 
expensive and the better choice when the 
area to be surveyed is large and outdoor. This 
is especially true if there are obstructions, as 
drones can cover a large area with a single unit 
and a few batteries. 

Mixed Reality (AR/VR)

Another technology available to the Digital 
Contractor for mapping what’s happening 
in the physical world with the 3D models is 
mixed reality. Mixed reality often includes 
both augmented reality (AR) and virtual 
reality (VR). We’ll discuss the applicability of 
mixed reality through the building lifecycle.

During the pre-construction design phase, 
mixed reality can be used for a number of 
tasks, such as:
•	 Conducting design iterations

•	 Communicating designs to owners

•	 Visualizing the impact of design changes

•	 Discovering design and coordination clashes

•	 Mocking up virtual interior designs 

Mixed reality can also be used to create 
marketing material, such as a virtual showroom. 
Imagine that you’re now a potential client of 

an owner building a commercial property. 
When you put on mixed-reality glasses, you 
suddenly see in the physical neighborhood 
the building that is being designed for you. As 
another example, you can put on the mixed-
reality glasses to do a virtual walk through of 
an apartment you’re considering leasing before 
it has been completed.

During the construction phase, mixed reality 
has a number of potential uses, such as:
•	 Quality control and clash detection: 

Identifying early on if something is installed 
improperly.

•	 Scheduling and collaboration: A wearer 
can project the 4D model in space and 
see if a team is behind schedule because 
something that is supposed to be there, isn’t.

•	 Subcontractor material layout: Instead of 
subcontractors marking where their stuff 
goes, they use mixed-reality glasses which 
tells them where their stuff goes. HITT 
Contracting (HITT), one of the top 50 
largest general contractors, anticipates this 
could save them 25 percent of schedule time.

•	 Build what the worker sees through the AR 
glasses. In this case, the specific directions 
of what to build are presented on the AR 
glasses. The implication is training changes 
as the glasses can guide teams through the 
sequences required to do the job. 

Figure 4: Trimble DAQRI Smart Helmet
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Mixed reality can also be used in facilities management. It’s well known that the cost of 
constructing a building is a fraction of the total cost of maintaining a building over its lifetime.

If the contractor has kept the BIM model updated throughout the construction process, this 
model can be provided to the owner at the completion of the project. Then if redesigns are 
requested, the owner can use the mixed-reality glasses, for instance, to see through walls and 
ceilings to know where structural elements are located.

Mixed reality can also connect to IoT devices in the building, such as networked water towers and 
boilers. The wearer of the mixed-reality glasses can look into a room and the different connected 
machines can show their current state. This allows issues to be recognized simply by looking at 
the machines.

Figure 5: Mixed-reality glasses Used in Facilities Management
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Augmented Reality on iPads

Actually, mixed-reality glasses are not required to visually see the 3D design overlaid with the 
physical world. Although still in early development, there are a number of apps available now that 
use the mobile device’s camera to overlay an interactive BIM model.

Using your mobile device might also work better when outdoors, as today’s mixed-reality glasses 
don’t do as well in bright light.

Figure 6: Augmented Reality Used on an iPad
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Robotics

Robotics is also entering into the mix as an interesting option for the Digital Contractor to 
automate many labor-intensive jobs. OEMs should examine how their business models will be 
impacted by the advent of work-site robotics and incorporate interoperable support for robotics 
into the equipment they build.

A company called Doxel, which combines 3D scanning, robotics and artificial intelligence, 
provides one very intriguing robot. The Doxel robot can be used to monitor how things are 
progressing, tracking what has been installed and whether it’s the right thing at the right time 
in the right place. In a recent pilot study on a medical office building, Doxel says it managed to 
increase labor productivity on the project by a staggering 38 percent.

Figure 7: The Doxel Robot
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Figure 8: SAM100 Robotic Mason

SAM100 from Construction Robotics represents an example of a robotic mason. A typical mason 
will lay between 350 and 550 bricks in an eight-hour day, whereas SAM lays 350 bricks per hour 
and doesn’t require bathroom or lunch breaks. 

SAM still needs a few workers to perform tasks such as mounting insulation sheets, screwing in 
brick anchors, retrieving materials, and monitoring quality. But now the crew can do those things 
while SAM is laying brick—at a rate of about one every eight seconds. So, a job that once took five 
bricklayers and two laborers now takes two bricklayers and one laborer, for a 50% labor savings. 
This is an especially important benefit given the shortage of well-qualified bricklayers.

http://www.precisionstory.com


AEM White Paper

12 Learn more at PrecisionStory.com

Autonomous Vehicles

Autonomous vehicles help to improve labor productivity by automating redundant tasks, 
providing the Digital Contractor with a critical solution to address the labor shortage and reduce 
costs. For OEMs, autonomy is a daunting engineering challenge that, when surmounted, adds 
new value to the products digital contractors need to stay competitive. 

Autonomous vehicles are actually not new. In fact, back in 1999, GOMACO first began testing 
using 3D models with its paving equipment. Today, GOMACO’s autonomous equipment with 3D 
machine guidance is being used in a variety of applications, including grade trimming, highways, 
tunnel floors and airport runways.

3D stringless paving works as follows: First, a 3D design file of the project is loaded into the 
GOMACO machine. The machine operator then chooses from a map on the computer where he 
wants to pave on the project. Depending on the 3D system being used, laser transmitters and a 
GPS base station are positioned on the site and oriented to site control points. The instruments 
communicate with the paver to provide position information, which is used for guidance. From 
there, the paver operates autonomously, effectively 3D printing the paving operation. 

Figure 9: GOMACO Stringless Paver
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But autonomous vehicles aren’t just for paving. 
Built Robotics has an autonomous track loader 
that uses lasers (called lidar) to see the world 
directly in front of it. This lidar is designed 
specially to work in the high-vibration, high-
impact world of construction excavation. The 
lasers also allow the robot to measure the 
amount of material it has scooped up.

But the autonomous track loader has one 
big advantage over self-driving cars: It’s 
moving around a relatively static, structured 
environment. Roads, on the other hand, are 
much less predictable. A job site isn’t exactly 
peaceful, of course, but at least the robot is 
working in a confined space. So to position 
the robot, Built Robotics uses what’s known as 
augmented GPS, which combines an on-site 
base station and satellites to provide location 
data down to the centimeter.

According to contractors who have deployed 
autonomous technologies, self-guided 
equipment is particularly useful in carrying 
out repetitive tasks, like hauling material from 
one end of a work site to the other. An added 
benefit is that autonomy enables contractors 
the flexibility of using more individual pieces 
of equipment that are smaller in size and 
cheaper in cost, because they don’t have to be 
individually operated.   

Aftermarket products also exist to turn existing 
equipment into autonomous and semi-
autonomous vehicles. For instance, Trimble 
Earthworks provides retrofit equipment to 
enable typical analog excavators, dozers and 
graders to become digitalized autonomous or 
semi-autonomous machines.

Figure 10: Built Robotics Autonomous Track Loader
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Telematics

Heavy equipment can also be retrofitted with 
telematics capabilities, enabling data about 
the machine to be collected for analysis. 
Contractors are leveraging insights from 
telematics to more intelligently manage 
projects, and OEMs that do not offer telematics 
services on their products risk obsolescence.

For example, United Rentals wanted to take 
its fleet of 450,000+ pieces of non-connected 
construction equipment and retrofit with 
networked, telematics capabilities—no easy 
task, especially when at any point in time 70% 
of the equipment is out on rent. 

To help solve this challenge, United Rentals 
partnered with ZTR Control Systems (ZTR), 
and in doing so, was able to get all their 
equipment connected within two years. This 
was possible because of three types of devices 
provided by ZTR for retrofit:

•	 Temporary: A portable Slap Track device 
is a small and simple unit that attaches to 
a machine to provide location data and an 
estimate of run hours based on vibrations. 
This device is predominately deployed for 
short-term installs. 

•	 Retrofit: This device by ZTR provides basic 
machine connectivity giving visibility into 
run hours, location, battery level, low battery 
voltage alerts, fuel level and output control. 

•	 New OEM Advanced Monitoring: This 
device provides advanced connectivity 
and monitoring that integrates into the 
equipment’s CAN bus J1939 network to 
provide run hours, location, engine data, 
machine faults, emissions data, regeneration 
status, fuel level, and other machine sensor 
data. 

Contractors can of course buy new equipment 
already with telematics installed.

Figure 11: Example Telematics Devices

For instance, the Takeuchi TL12V2 track 
loader TFM installs the ZTR Advanced 
Monitoring device. And JLG connected its full 
line of scissor and boom lifts using telematics 
provided by a company called ORBCOMM.
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Exoskeletons

Although not necessarily digital, exoskeletons are available to enhance worker safety by providing 
arm support, upper body support, and full body support to assist in lifting heavy objects and 
eliminating costly work-site injuries. As exoskeleton product lines come into more prominent 
use, equipment manufacturers—particularly the builders of work platforms—will need to update 
equipment designs to facilitate the use of these new Digital Contractor accessories.

Figure 12: EksoZeroG Arm Support Exoskeleton

Arm Support
For instance, the EksoZeroG arm support limb makes heavy tools feel weightless. Compatible 
with aerial work platforms and scaffolding, the EksoZeroG holds power tools weighing 35 pounds 
or less so workers can focus on getting the job done right. In use cases where workers are lifting 
heavy loads while on construction equipment, these equipment manufacturers might consider 
integrating arm support exoskeletons into their machines.
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Upper Body Support
Another example is the EksoVest, an upper body exoskeleton that elevates and supports a worker’s 
arms to assist them with tasks ranging from chest height to overhead. It’s lightweight and low 
profile, making it comfortable to wear in all conditions while enabling freedom of motion.

Figure 13: EksoVest Upper Body Exoskeleton
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Full Body Support
In terms of full-body support, Sarcos’ Guardian XO exoskeleton is designed to augment human 
productivity and strength, while preventing workplace injuries. The Guardian XO exoskeleton 
can lift 200 pounds (90 Kg) repeatedly without exertion.

According to the Bureau of Labor and Statistics, back injuries are the second most common 
reason for non-attendance at work (the common cold being the most common). That study found 
that the economic impact of on-the-job back injuries exceeds $100 billion per year annually; 
the average cost of back injury-related workers’ compensation claims falls between $40,000 and 
$80,000 per incident.

The goal of the Sarcos exoskeleton and other industrial exoskeletons is to help reduce the number 
of work-related injuries. Of course, they won’t completely eliminate workplace back injuries, but 
they could help many workers live a healthier life, increase their productivity, and extend their 
careers. Employers, on the other hand, could benefit from increased employee productivity and 
reduced injury rates.

Figure 14: Sarcos Guardian Full-Body Exoskeleton
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Data coming from these digital solutions—
which ultimately will help the Digital 
Contractor operate a smarter and safer 
jobsite—can be connected to the Internet in 
a variety of ways. Doing so can require OEMs 
to contend with a diverse set of technologies 
based on the amount of data that needs to be 
transmitted, how far it needs to go, and how 
much power there is. That said, although there 
are many networking technologies available, 
at many job sites the local network is built on 
Wi-Fi.

Optimizing Wi-Fi Connectivity

One challenge that contractors might start 
seeing on the job site is a congested Wi-Fi 
network. Not only will large 3D models be 
continuously transmitted over the network, 
but also every worker will have a mobile phone 
in their pocket running a mix of business 
critical and personal apps.

To address this challenge, Apple and Cisco 
partnered to make iPhones and iPads much 
more reliable and achieve higher network 
performance when connected to Cisco Wi-
Fi networks. To accomplish this, they jointly 
developed Wi-Fi optimization for iOS,[7]  
which improves connectivity of roaming iOS 
devices when connected to a Cisco wireless 
network.

In addition, Apple and Cisco jointly developed 

app prioritization, or what they call Fast 
lane. This capability allows businesses (like 
contractors) to tag the apps they want to 
receive priority network bandwidth. This 
allows site managers to feel confident that 
the work-critical apps are given the network 
bandwidth they need to run efficiently.

5G

From a wide area network perspective, job 
sites today predominately connect with 4G. 
However, 5G is beginning to emerge, being 
tested now in a few markets. And whereas a 
median 4G user might browse at around 56 
Mbps, a median 5G user might browse at 490 
Mbps.

Some might wonder whether all that 
bandwidth is needed. Well, Gaylor Electric—a 
full service industrial electrical contractor 
based out of Indiana—says they have one site 
that has a ten gigabit synchronous fiber circuit 
back to the corporate office. 

In fact, the trend to digital only means the 
need for more network connectivity. Gaylor 
says 5G will increase their efficiency tenfold 
on 3D models for the workers who are actually 
on site every day. If they had a 5G connection, 
then the workers wouldn’t have to sit there 
and wait for a model to load, taking what is 
a two minute activity over 4G down to a 10–
15 second activity when connected to a 5G 
network.

Put simply, the promise of 5G is to help 
workers at the job site get closer to having real-
time access to data and learned insights.

ConneCT: Transfer daTa from ThIngs over The 
neTwork
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ColleCT: sTore daTa from ConneCTed ThIngs
Next, we need to collect the data derived from 
connected things in the field, which ultimately 
will be used by Digital Contractors to operate a 
smarter and safer job site. Data can be collected 
and stored using different types of databases, 
including relational, non-relational and time-
series, depending on specific application 
requirements. Data can be stored locally or in 
cloud-based storage. 

In the future, 
collecting data will 
be challenging, 
as users will need 
to find lower cost 
ways to store data 
coming from 
things. OEMs 
that offer the 
most intuitive 
and simple data 
collection and 
storage services will be best positioned to 
capture the new revenue potential that this 
challenge will create.  

To get a sense of scale, suppose a contractor has 
10,000 machines in the field (remember that 
United Rentals has more than 450,000, so this 
isn’t outlandish). Let’s assume the contractor 
is only sampling data from these 10,000 
machines once every hour and the amount of 
data is just 100 bytes per sample. At that rate, 
the contractor will generate three quarters of a 
terabyte per month.

Looking on Amazon AWS for pricing, if the 
contractor wants to deploy traditional data 
warehouse technologies to store and query 
that data, it will cost roughly $39,000/month 
for each terabyte and 100,000 queries.

But let’s assume the contractor increases the 
number of sensors on those machines and 
increases the sample rate to get closer to being 

able to analyze data 
in near real-time. 
With this in mind, 
let’s now assume 
each sample has 
1,000 bytes and 
the contractor is 
sampling every 
10 seconds. Given 
this scenario, the 
contractor will be 
generating 2,600TB 
of data each month, 

which increases the annual cost to just shy of 
$100 million per year.

Clearly, contractors will need to be very 
selective when deciding what data to collect 
and how often, making the trade-off of cost to 
store versus benefit of being able to access the 
data to learn from the data. Given OEMs have 
in-depth knowledge regarding the applicability 
of data coming from their connected machines, 
they are well-positioned to help contractors 
make the optimized trade-off between what 
data to recommend storing given storage costs.
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learn: gaIn InsIghTs from daTa ColleCTed from 
ConneCTed ThIngs
With an increasing amount of data coming from things, it will be necessary to apply technology to 
learn from that data. This is where Digital Contractors can begin to see the value that digitalization 
brings in helping them run smarter and safer—but only if they have access to digital solutions to 
help them uncover these insights, which OEMs are uniquely positioned to provide.  

Learning and analysis products will include query technology and both supervised and 
unsupervised machine learning (ML) technologies, which are subsets of artificial intelligence 
(AI). For instance, the autonomous robot provided by Doxel uses machine learning to determine 
physical constructs like beams from digital images so it can track progress and identify errors at 
the job site.

Using AI to Build Project Schedules
Melissa Whitney from HITT said, “We’re probably at the beginning of our AI journey.” 

HITT does have a lot of vision for where that could go. One area of interest at HITT is utilizing 
its daily digital logs as input to AI/ML algorithms and then writing algorithms to automatically 
produce a 4D BIM model with schedules.

Using AI to Improve Safety 
Safety is another area that may benefit from being 
able to learn from contractors’ data. SafetyTek, a 
company out of Canada, basically provides a safety 
incident document portal. Removing paperwork from 
the process of managing incidents, all incidents are 
submitted and managed digitally and are stored in a 
cloud-based filing system. SafetyTek is then beginning 
to apply artificial intelligence across that data to try to 
predict when an incident might occur. The next step 
will be to merge real-time 3D images of the job site 
and artificial intelligence to identify unsafe worker 
conditions in real time. 
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Optimizing Equipment Rentals
United Rentals is the largest equipment rental company in the world. Like a systems integrator, 
it pulls together multiple platforms and manufacturing tools and prepares them for delivery to 
its customers in a ready state. This means making sure equipment is fueled, cleaned, operational, 
charged and delivered on time. 

In order to help its customers more effectively manage rental consumption, United Rentals 
provides a telematics-enabled fleet and equipment management system called Total Control. 
Total Control demonstrates an example of learning from data as it provides visibility into both 
rented and owned equipment to improve utilization, maintenance and uptime. It also serves as an 
example of services that OEMs could incorporate into the products they build.

Machines rented from United Rentals, as well as customer-owned machines, can be viewed 
through the Total Control interface where customers can learn, for instance, what equipment is 
currently on rent. As well, customers can learn considerably more, including:
•	 Equipment mapping: Includes the ability to see where a machine is currently located.

•	 Equipment utilization: Enables customers to identify the time of day equipment is being 
utilized, along with peak usage. Furthermore, the application can show if the utilization is 
below or above the benchmark set across the entire United Rentals fleet.

•	 Machine history: This together with mapping provides the ability to track the machine’s 
utilization over time, location, and details about both the machine and rental transaction.

•	 Notifications: Customers can also set up an alert to notify them if a particular piece of 
equipment is idle for a specified amount of time. 

•	 Geo-fencing: Provides alerts when equipment leaves and returns to a virtually-fenced area. 
One use case for geo-fencing is the creation of an auto-rental yard where equipment can be 
virtually checked out and back in by simply moving in and out of the virtually-fenced area; this 
capability is especially valued for secure job sites with heavily controlled access. 
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do: enhanCed busIness ouTComes from learned 
InsIghTs
At the end of the day, what good are data insights from connected things if nothing else changes? 
Of course, it’s fun for technologists to talk about technology, but what is the Digital Contractor 
going to do differently to reduce costs and improve operating margins, and what role can 
equipment manufacturers play in facilitating that process? What follows are a few examples of 
how business outcomes have been improved through the use of digital technologies.

The Case of the Missing Excavator 
Gordon McDonald, vice president of managed services at United Rentals, was demonstrating 
the GPS capabilities in the Total Control application to the CFO of a major electrical contractor. 
During the meeting, Gordon noticed a $5,000/month excavator that hadn’t moved in over two 
months. The contractor’s CFO was shocked and immediately called the foreman on the job site. 
The foreman reported that the job had been delayed so the machine hadn’t been used, but it was 
going to be used again “real soon.” Both impressed and shocked by the findings, the CFO returned 
to the meeting and wanted to use the Total Control application himself. To everyone’s surprise, 
the excavator no longer displayed. It turns out that immediately after the call, the foreman off-
rented the excavator.
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Reducing the Number of Deployed Scissor Lifts
Using equipment utilization data, one construction company reduced the number of rented 
scissor lifts from 10 to seven by rescheduling the work. Another company reduced its machines 
from 15 to seven. Not only did both companies reduce overall rental costs, they didn’t have to pay 
for additional operators. 

Contractor Owns Only the Equipment Needed
United Rentals’ Gordon McDonald noticed that every time he visited a long-time customer, much 
of the customer’s owned equipment was always in the same place. The customer had no visibility 
into the equipment’s usage so McDonald put portable Slap Track devices on 300 of the customer’s 
owned equipment. Monitoring usage for about three months revealed that the owned equipment 
had about 10% utilization, much less than the equipment rented from United Rentals. As a result, 
the customer sold off 270 pieces of its own equipment.

Simple Utilization Data is Not Enough
Sometimes it’s necessary to look deeper than simple 
utilization. At another site, machines were showing 
high rates of utilization but a closer look at the 
data showed that operators were spending a large 
amount of time traveling from location to location 
within the job site and spending 10–20 minutes at 
a particular location. Most of the equipment was 
forklifts and backhoes. It turned out this location 
was being used as a smoking area, which the job site 
foreman addressed.

At another job site, the foreman told the operators they would lose the rental equipment if 
utilization was not high enough. The result was increased utilization, but it was because the 
operators were just turning on the machines and running them to increase the numbers. What 
the operators didn’t realize was that Total Control not only measures if equipment is running, but 
also if it’s simply being kept idle. 
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Solar Panel Project
To further illustrate improved business outcomes, a large power company announced the winning 
contractor to run a solar energy project with a total capacity of approximately 300 MW. This was 
part of an extensive renewable energy program designed to provide enough electricity to serve 
about 100,000 homes with clean power. With capital costs estimated at less than $1,500/kW, these 
would be among the lowest cost solar installations built in the United States. In support of this 
contract, the awarded contractor rented machines from United Rentals.
 
To complete the project, a variety of machines were rented by this contractor, such as skid steers 
and utility vehicles. Data was retrieved from all machines using Total Control with an objective to 
improve utilization, maintenance and uptime. 

The most important metric to measure for the customer was machine utilization against agreed 
upon benchmark performance objectives. As a company that collects nearly 10 million lines of 
data per week, United Rentals is able to calculate statistically reliable benchmarks by industry 
and application, ultimately providing the customer with unique insights into how they perform 
against an anonymous peer set. For instance, for skid steers the utilization goal in some cases was 
set at 200% of the industry norm because of the type of work being performed.

Utilization performance means 
actual hours used versus hours 
rented, while the benchmark 
represents an industry average 
for utilization. Referring to 
Figure 15, 0% reflects that actual 
utilization is at the benchmark 
value. If the utilization data is 
above 0%, say at 20%, then this 
means utilization is 20% above 
the benchmark.
 
The significant dip in utilization that occurred around week 22 was a result of a temporary change 
in project management. Once this was identified to the customer, they were able to take steps to 
remedy the situation. 
 
One of the reasons why the customer’s utilization was mostly good is that alerts were set up in 
Total Control to send automated emails if a machine had sat underutilized for three days. This 
notified the contractor to investigate those machines and enabled them to decide whether to off-
rent the underutilized equipment or start using them more. 

In the end, United Rentals helped the contractor save over 12% on its rental costs for an 
approximately $7 million project. But it’s not only a story about saving money. It’s also a story 
about helping the customer by using data and insights to deliver better service.

Figure 15: Machine Utilization Over Time
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dIgITalIzaTIon’s value To ConsTruCTIon 
equIPmenT manufaCTurers

So far, we’ve described many of the digital technologies that are available to contractors, ultimately 
to help them improve labor productivity, reduce costs and enhance safety. Construction 
equipment manufacturers would do well to add digitalization to their offerings so contractors 
can learn from the data extracted from these connected machines, ultimately to improve their 
business outcomes.

In addition, through digitalization, construction 
equipment manufacturers can bring to market 
improved quality of service and reduce costs for the 
buyers of their machines.

Improve Quality of Service
By collecting data from these machines and learning 
from them, builders of construction equipment can 
produce more reliable equipment and a higher quality 
product. For example, when Takeuchi noticed that 
certain machines around the world were failing, 
they used the telematics data to quickly pinpoint the 
problem to a single component supplier. 

Reduce the Cost of Service
United Rentals spends approximately $1 billion per year on maintenance. Traditionally, they 
did this the old fashioned way, conducting service on a regular set schedule regardless of the 
machine’s actual usage. However, the type of use and conditions a piece of equipment experiences 
play a role in determining when maintenance is needed. And for United Rentals, if it can reduce 
maintenance costs by 10%, this can translate into a $100 million in savings.
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new busIness models avaIlable To oems
Digitalization also enables construction equipment manufacturers to bring to market new 
business models, creating new sources of revenue and improving OEMs’ operating margins. As 
construction equipment becomes increasingly digital, powered by computers and enabled by 
software, OEMs should consider leveraging lessons learned as cloud computing and software-as-
a-service have revolutionized the computer and software industries. 

Service Contract
We start with products and services. This is a model where the manufacturer sells the customer 
a product and then upsells a service contract on that product. These service contracts include 
warranty, maintenance and access to information to help the customer better maintain the 
equipment.

Oracle, before it bought Sun Microsystems, was purely a software company. At the time, Oracle’s 
annual revenue was about $15 billion. $12 billion of that revenue was for service contracts on 
the software sold in previous years, and only $3 billion was for software products sold that year. 
And also, the margins on Oracle’s service business were extremely high because this was mostly a 
delivery of information.

Giving an equipment manufacturer example, GE Aviation builds and sells jet engines. In 2018, 
GE’s aviation business did $11.5B selling equipment and over $19B selling services for that 
equipment. And their services backlog in 2018 was over $185B, whereas their equipment backlog 
was $37.8B.

Figure 16: GE Aviation Services and Equipment Business
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Assisted Services
The software industry realized a long time ago that if a software company can connect into its 
customer’s servers, then the company can provide assisted services. For instance, the software 
company can advise the customer that it needs a particular patch for security purposes or to 
change a particular configuration.

In the world of heavy equipment, an example of offering assisted services is providing predictive 
maintenance. As part of its service, a construction equipment manufacturer will monitor its 
customer’s equipment, predict in advance when maintenance will be required, and ensure the 
personnel and any parts are available precisely when required.

A similar assisted service can be offered for fueling. For instance, the construction equipment 
manufacturer can make sure fuel is available when its customer’s equipment needs it. As another 
example, if a fuel truck is on location, the equipment manufacturer can advise to go ahead and 
fuel up other equipment on site as opposed to bringing the fuel truck in later.

Figure 17: ORBCOMM Predictive Maintenance Dashboard
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Machine-as-a-Service
The next evolution in the software industry was to software-as-a-service. In this model, the 
software company runs the software on behalf of its customers. We may be just at the beginning 
of starting to see construction equipment manufacturers expand their business models to include 
machine as a service.

In fact, there are a few companies that are starting to offer machine-as-a-service business models 
today. For example, Kaeser Kompressoren is an industrial compressor company that now sells air 
by the cubic meter using compressors it owns and maintains by leveraging the Internet of Things 
to effectively offer “air-a-a-service”. It still sells and rents compressors to legacy customers, but its 
go-forward strategy is charging for the air that is used.[8]

Figure 18: Air Compressor Company offers Compressed Air-as-a-Service

http://www.precisionstory.com


Understanding the Impact of Digitalization on the Future Contractor

29Learn more at PrecisionStory.com

ConsTruCTIon-as-a-servICe
The logical next step from offering machines as a service is bringing to market “construction-as-
a-service.” In fact, one could argue we’re already in the process of transforming to a construction-
as-a-service model via new modular prefabrication techniques, and OEMs should adapt to serve 
the needs of this growing market segment or risk being cut out of new revenue opportunities. 

Among other things, construction-as-a-service leverages standardization to automate manual 
operations, ultimately improving labor productivity and reducing costs. Worker safety is also 
enhanced, for example, as prefabrication construction is performed in a more tightly-controlled 
and monitored environment.

Just look at Coakley Construction, a general contractor based out of Maryland. Their move to 
prefabrication was driven by a desire to get workers off of potentially dangerous scaffolding to 
make the job site safer. By building in their centralized warehouse, they could build the exterior 
walls in a much more controlled and better-managed environment, one floor at a time. 

Previously, they were laying out a floor in 13 to 21 days. Now, by using their Autodesk Revit model 
and standardized procedures in their warehouse, it takes them about three to five days to lay out a 
floor. Most jobs they’re doing are between 40 and 80 panels per floor, and they are panelizing and 
setting around 20 to 30 panels per day.

Katerra, a startup company founded in 2015, is taking pre-fabrication to the next level by becoming 
an end-to-end building services provider, incorporating technology and standardization to 
modularly prefabricate in their warehouse. In their vision, the subcontractor and general 
contractor are removed from the overall supply chain, as shown in Figure 19. To date, Katerra has 
raised $1.2 billion in funding to make their vision a reality.

The success of Katerra’s business model will put pressure on other construction contractors to 
adopt similar techniques in order to compete, and OEMs should be prepared to meet the needs 
of this new growing market.

Figure 19: Katerra’s Vision of the Construction Ecosystem
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Learning from Cloud Computing

In a way, Katerra is effectively following the blueprint to how infrastructure-as-a-service born 
from cloud computing has revolutionized the computing industry. 

To put this into perspective, prior to 
2006, enterprises traditionally bought 
servers from companies like IBM, HP, 
Sun Microsystems and Dell, while also 
running these computers in their own 
datacenters. One inefficiency in this 
model was that enterprises generally 
had to manage all the details of running 
applications on their own servers “on-
premises”. Then, in 2006, Amazon re-
launched its Amazon Web Services 
(AWS) offering, which included an 
infrastructure-as-a-service offering 
called EC2 and shepherded in the era of 
cloud computing. 

Standardization, specialization and repetition
AWS leveraged standardization, specialization and repetition to reduce costs and improve quality 
of its EC2 offering over the on-premises approach. For instance, AWS standardized the hardware 
and software deployed, how security patches were applied and how to handle disaster recovery. As 
part of the standardization, AWS deployed a group of specialized people to become very proficient 
at what they were doing because they did it over and over again. Then through this repetition, 
these employees were able to identify opportunities to automate processes, ultimately with the 
objective to replace human labor. And once computers replace human labor, not only do costs go 
down, but quality improves, as humans are a primary source of cost and contributor of errors in 
computer systems. 

Katerra is essentially following this model. By focusing on the entire lifecycle of constructing a 
building, they are learning through standardization, specialization and repetition ultimately how 
best to automate construction processes. This approach ultimately improves labor productivity 
and lowers costs because machines replace expensive and error prone human labor. 
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The Move to Custom, In-House Built Equipment

As business models like Katerra’s become more common, construction OEMs should make sure 
they don’t repeat the mistakes that computer manufacturers made during the rise of Amazon’s 
infrastructure-as-a-service offering. 

As it standardized its service offering, AWS also realized that instead of buying general purpose 
computers and networking from traditional manufacturers like HP, IBM and Cisco, they could 
design and manufacture their own high-speed network, routers, chips, storage servers and 
compute servers [9] to meet their specific requirements at much lower price points.

One ramification to this approach is that it shut out the traditional computer manufacturers from 
this growing market. In other words, as enterprises moved their computing workloads over to 
AWS, they were no longer in the market to buy computer servers to run traditional non-cloud 
workloads in their own data centers. As shown in Figure 20, from 2016 to 2018 the server market 
has declined 3% for traditional non-cloud servers. In addition, Amazon AWS with its in-house, 
custom built computer servers as of 2018 represented 10% of the entire server market. [10] Together, 
this represents billions of dollars of potential sales lost by traditional computer manufacturers. 

A similar phenomenon may occur as construction-as-a-service offerings from companies like 
Katerra grow in popularity and market share. In their drive for standardization, they likely 
will design an increasing amount of their own specialized equipment to meet their specific 
requirements. 

The potential ramification is traditional contractors may begin to see their available market 
share shrink as owners and developers become drawn to the cost benefits afforded through 
construction-as-a-service. If this happens, construction equipment manufacturers might also see 
their available market share shrink 
as fewer traditional contractors 
will be buying general purpose 
machines and construction-
as-a-service providers will be 
increasingly utilizing their own 
custom, in-house built machines.

Wise OEMs will begin working now 
to optimize equipment solutions 
tailored to the construction-as-
a-service business model, rather 
than fighting for market share in a 
shrinking market. 

Figure 20: Server Market Growth 2016 to 2018
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whaT’s nexT

3D BIM Prevails
If we look into our crystal ball to get a glimpse of what the future Digital Contractor looks like, 
a few trends stand out. The move from analog to digital is impacting all industries, including 
the construction industry. The ramification is that all construction projects will be based on 3D 
design models. Likewise, construction companies that do not adopt 3D digital designs will find it 
harder and harder to compete, and they will effectively be shut out of improved business outcomes 
afforded through digitalization.

AI/ML automates scheduling and problem detection
The next trend will be to apply artificial intelligence and machine learning to more accurately 
map the state of the physical world with the digital designs. For instance, AI/ML algorithms will 
be able to identify if there are any issues with what has been built to date when compared to the 
3D models. AI/ML technologies will also be at the heart of generating schedules and tracking 
progress to date.

Mixed reality will be available on contact lenses
The use of augmented reality will also be the norm. Augmented reality glasses will reduce in size 
to fit comfortably on a contact lens so the ability to compare the physical world with 3D models 
will be available to everyone at the job site.

Fully autonomous vehicles will become the norm
Fully autonomous vehicles will become commonplace on the job site. For instance, excavator 
operators will no longer have to worry about where to dig. Rather, the excavators will get precise 
directions from a combination of GPS location tracking and the 3D models.

Increased networking bandwidth to meet constantly expanding digital transfer requirements
Bandwidth for both wide area and local area networks will continue to increase, making access to 
models and insights driven from data from the field available in nearly real time. 

Contractors will prefer to consume OEM products via subscription, machine-as-a-service 
business models
As construction equipment manufacturers add digitalization to their offerings, there will become 
a growing preference to “buy” machines offered through as-a-service subscription models. This 
is especially true for the majority of contractors that are relatively small, employing less than 100 
employees. These contractors tend to be challenged finding capital for projects and will prefer to 
consume their OEM products as an operational expense – machine-as-a-service – aligned with 
actual usage versus through traditional capital expenditures. 
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Widespread adoption of pre-fabrication and move to construction-as-a-service
Perhaps the most important change in the future will be in the widespread adoption of pre-
fabrication and construction-as-a-service. There are just too many optimizations—in terms of 
improving labor productivity, reducing costs and enhancing safety—that can be realized through 
standardization and automation.  

Traditional contractors should accelerate digital transformation
In response, traditional contractors should consider accelerating their use of digital products and 
offering prefabrication to construction-as-a-service, ultimately with the objectives of improving 
labor productivity, reducing costs and enhancing safety.

Construction-as-a-service providers build own custom, in-house machines
Furthermore, if companies like Katerra can prove they can successfully bring to market 
construction-as-a-service (or what they call being vertically-integrated), then they likely will 
decide to build many custom machines in-house to better meet their requirements and at lower 
costs than equipment built for general purpose. This can mean a shrinking potential available 
market for construction equipment manufacturers.

OEMs should quickly bring to market machine-as-a-service offerings
Likewise, OEMs should move quickly and bring to market machine-as-a-service offerings to 
more precisely align costs with value received from the equipment. OEMs should also consider 
enabling more of their equipment features through software, enabling a wider variety of custom 
versions of their equipment to be delivered to digital contractors and construction-as-a-service 
providers. This approach provides an additional way to more precisely align pricing with value 
received from the equipment. It may also reduce construction-as-a-service providers’ incentive to 
design and build equipment in-house.

OEMS should consider partnering to enter the construction-as-a-service market
In addition, OEMs might consider partnering to expand into the construction-as-a-service 
market. In the computer industry, many might argue that the traditional computer server 
manufacturers were late in bringing to market cloud computing offerings. This opened the door 
for Amazon, Google and Microsoft to become the three largest cloud computing providers, 
commanding over half of the market in 2018. 

In the future, construction equipment manufacturers that do not evolve their business models to 
better align with the needs of the digital contractor and construction-as-a-service providers may 
risk a similar fate.
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