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Data Center Digital Twin
A necessity for unlocking your data center’s business potential

https://www.futurefacilities.com/
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A data center project, like any business 
venture, must realize its business potential to 
be considered successful. In this way, data 
center projects are required to justify initial 
investment and build costs with a return on 
investment (ROI). But with current practices, 
the typical data center falls short of delivering. 
Why is this happening in the data center 
industry and—more pressing for data center 
managers—what impact does this have on 
business operations? 

To take a step back, how do we define the 
value of a data center project? The value of a 
data center project is based primarily on cost 
per unit of computing output. Given that the 
cost is determined upfront by the capacity 
requirement in MWs, a goal of the project is 
to maximize capacity utilization. The problem 
then lies in how data center projects are 
managed during operations when it comes to 
reaching this goal.

The challenge here is that data center 
project management loses sight of this goal 
in the long-term. Data center management 
is split up into separate teams and lacks a 
“consolidation step,” or a step in the workflow 
where all proposed changes come together 
and their impact on the rest of the teams’ 
work is evaluated. The main problem isn’t 
inefficient collaboration (although this is an 

issue in and of itself). The main problem is 
the lack of such a “consolidation step” where 
the performance impact of management 
decisions can be properly assessed.

Data center projects lose sight of the original 
budget and target value because project 
management is broken up and distributed into 
separate teams—those in charge of power, 
cooling, and so on—that do not collaborate as 
efficiently as possible. This division of project 
management and lack of communication 
means wasted capacity and wasted capacity 
means lost revenue. 

Wasted capacity isn’t exactly news. In 2015, 
451 Survey found that enterprise data centers 
are only using 56% of their capacity from 
a power perspective (2015). Data Center 
Infrastructure Management (DCIM) was 
created to fix the capacity utilization problem. 
And yet, it’s 2020 and we’re still facing the 
same problem. Our research in 2019 found 
that Hyperscale data centers are only 
reaching 85% of their available capacity—a 
whopping 15% of available capacity is simply 
going to waste.

This problem isn’t unique to the data center 
industry. The difference lies in how other 
industries have tackled and solved this 
problem, whereas the data center industry 
continues to struggle. Take computing 
infrastructure, for example. Through 
virtualization, capacity utilization issues 
became a thing of the past. Despite sharing 
the same problem, the data center industry 
hasn’t turned to virtualization to fix its 
capacity utilization problem—why?

Why are Data Center Projects Not Living Up 
to Business Potential?

“Enterprise data centers are  
only using 56% of their capacity.”

451 Survey, 2015

https://www.missioncriticalmagazine.com/articles/88266-what-causes-underutilization-of-a-data-center
https://www.missioncriticalmagazine.com/articles/88266-what-causes-underutilization-of-a-data-center
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Using virtualization to solve the capacity 
utilization problem for computing 
infrastructure has been more easily accepted 
and integrated into workflow processes 
because computing resources already fall 
under the control of a single system run 
by one, consolidated group: IT. It isn’t as 
natural to view the data center as a single 
system with what initially seems like several, 
detached parts.

The data center, however, is not the building or 
cooling system or servers working separately, 
but everything together as one system. From 
the chillers’ heat rejection on the outside 
of the building right down to the chips and 
applications running inside, the data center 
is a single, connected system. As such, a 
virtual replica, when implemented correctly, 
can solve the capacity utilization problem for 
the data center industry in a similar way that 
virtualization did for computing infrastructure.  

To better understand the extent of the 
capacity utilization problem in the data center 

industry, we financed an independent research 
study undertaken by Sapio Research. Data 
quoted below (unless otherwise specified) 
relates to this study. It was conducted among 
152 data center decision makers working in 
companies with more than 500 employees, 
and which operate one or more data centers. 
The study addressed the ways in which 
organizations undertake key decision-making 
exercises for critical facilities and the capacity 
planning processes associated with those 
data centers. 

This eBook will detail the state of the industry 
as these experts see it, as well as a simulation 
solution that has been tested and is currently 
in use: The Data Center Digital Twin. Holding 
a data center project to its original budget 
throughout its life is complex and difficult, 
but this process can be simplified with a 
digital twin of the data center. This eBook will 
demonstrate how the Digital Twin can reduce 
risk and cost while improving data center 
performance.
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State of the Industry Highlights

Before we dive into how the Data Center Digital Twin reduces cost and improves performance, 
let’s look at the state of the data center industry today to better understand why this change in 
approach is necessary. 

Data center planners are unable to make 
full use of their data center from a power 
and capacity perspective. Resource 
overprovisioning and the inability to reach 
a data center’s optimized capacity have 
become the norm. Data center operators are 
building three data centers for every two data 
centers they need.

How can data center planners and operators 
change this and keep data center projects 
on budget? The answer is the Data Center 
Digital Twin, powered by simulation. 
Simulation provides the visibility data center 
planners need to make better decisions and 
mitigate risk by calculating and visualizing 
the engineering performance of the data 
center’s past, present, and future. 

45% of organizations are already 
having to invest more in their power, 
cooling, and networking infrastructure

3% of data center professionals are 
satisfied with their current available 
space

51% of organizations are already 
investing in building new data centers 
to address their concerns about space

49% of owner-operators are having to 
increase power and cooling capacity

77% of data center decision makers are 
seeing increased demands placed on 
their infrastructure 

74% of organizations have to 
compromise in their capacity planning 
decision making most or all of the time

1/3 of data centers use rules of thumb 
to manage temperature

Density is rising—power per 
rack is increasing. 

Outages are more disruptive 
and more common. 

Cost of outages are increasing. 

Power, cooling, and network are 
major causes of outages. 

(Uptime Institute 2020)

https://uptimeinstitute.com/2020-data-center-industry-survey-results
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What is a Digital Twin? What is the Data 
Center Digital Twin?
Gartner named digital twin technology as a 
top 10 strategic tech trend for three years in 
a row (2018). David Cearley, vice president 
and Gartner Fellow, said, “over time, digital 
representations of virtually every aspect of our 
world will be connected dynamically with their 

real-world counterpart and with one another” 
(2017). A recent survey from Gartner shows 
that 48 percent of organizations introducing 
IoT said they are already using, or plan to use, 
digital twins in 2018 (2018). Digital twins are 
undeniably gaining traction. 

https://www.gartner.com/smarterwithgartner/gartner-top-10-strategic-technology-trends-for-2019/
https://www.gartner.com/en/newsroom/press-releases/2017-10-04-gartner-identifies-the-top-10-strategic-technology-trends-for-2018
https://www.gartner.com/en/newsroom/press-releases/2018-03-13-gartner-survey-reveals-nearly-half-of-organizations-implementing-iot-are-using-or-plan-to-use-digital-twin-initiatives-in-2018#:~:text=Forty%2Deight%20percent%20of%20organizations,survey*%20by%20Gartner%2C%20Inc.
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So, what exactly is a digital twin? A digital 
twin is a dynamic, digital representation 
of a real-world object or system, linked 
by measured data such as temperature, 
pressure, vibration, etc. Over the life of 
the product, the digital representation will 
dynamically update based on the data 
provided from its physical counterpart, giving 
the operator, user, or engineer information 
about its performance—what’s operating well 
and what isn’t.

The Data Center Digital Twin then is a 3D 
virtual model of a physical facility. Software 
can produce a digital twin of the facility using 
engineering simulation and calibration—a 
combination of site survey, physical 
measurements, data input, and engineering 
analysis. To clarify, this physics-based 
simulation capability is unique to our Digital 
Twin. It provides foresight of the data center’s 
physical and business performance after 
implementing any change.

48 percent of organizations introducing IoT said they are already using, or plan 
to use, digital twins in 2018.

Gartner, 2018

“

https://www.gartner.com/smarterwithgartner/gartner-top-10-strategic-technology-trends-for-2019/
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Product Life Cycles: Why Does Your Data 
Center Need a Digital Twin?
The traditional product life cycle spans from 
design to operations, with design being broken 
down into two primary phases: conceptual 
and detailed design. From here, the design 
changes stop, the build process begins, 
followed by its operation, and finally end of 
life. The gathered information on the product’s 
performance is then considered for the next 
iteration of the product’s design, and the life 
cycle repeats and continues. The traditional 
product life cycle has a clear distinction 
between design and operations. This is not 
the case for the data center life cycle.

The data center life cycle can be broken 
down into a design phase (conceptual and 
detailed design) and an operations phase 
(manufacture/ build, operations, and end of 
life). However, while the architectural/ M&E 
design changes stop at the 
end of the design phase, the IT 
configuration design changes 
start at the end of the design 
phase and continue through 
the build and operations 
phase. The “design” phase 
never truly stops within a data 
center’s life cycle.

This is where the Data Center Digital Twin 
comes into play. The first of its kind, the Digital 
Twin provides physics-based simulation 
capabilities, including unmatched, powerful 
Computational Fluid Dynamics (CFD), power 
system loading, and failover modeling that 
captures the complex interactions between 
components. It is a full 3D representation 
of the space with all architecture, cabling, 
mechanical, and electrical systems built in. 
The Digital Twin also simulates the cooling 
connectivity, the power connectivity, and the 
weight loading system. 

While the Digital Twin provides all this 
information, not everyone in the data center 
industry wants or even needs to see all this 
backend information to get their job done. 
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For example, facility engineers manage the 
static M&E and Architecture phase, while 
IT Professionals are responsible for the 
constantly changing IT configurations. The 
facility engineers would benefit from seeing 
the extensive physics-based information 
that the Digital Twin provides, but the IT 
Professionals would view it as excessive—
they just need to know where they can best fit 
their IT and whether they’re making the most 
effective decision with respect to their data 
center’s resilience. 

The beauty of the Digital Twin is that it 
provides visibility of data center performance 
at any level of operation or management, 
across groups, and throughout the 
management chain. It provides visibility into 
the resources you most care about. Based on 
your role in the data center industry, the Digital 
Twin will filter the information most important 

to you. By seeing what matters to you most 
based on your responsibilities, the Digital Twin 
gets the right data to the right people. 

The Digital Twin is a management tool 
designed to bring stakeholders together into 
a virtual world where they can simulate the 
impact of their plans on each other and on the 
data center throughout its unique lifecycle. No 
other tool on the market, DCIM or otherwise, 
can simulate the data center’s physical 
operations like the Digital Twin.

When people have the right data, they can 
make better, faster decisions with confidence. 
The system is therefore more resilient, 
efficient, and effective. Ultimately, the 
business is better able to manage cost and 
get what it needs from its investment in data 
center infrastructure.
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Digital Twin Case Study: Citigroup & 
NYSERDA FlexTech Project

Citigroup integrated the Data Center 
Digital Twin from Future Facilities into 
their workflow to improve their NYC data 
center’s efficiency. Citigroup used the 
Digital Twin to get the right data to the 
right people, and their teams were able 
to predict the impact of any change with 
simulation, enabling their teams to make 
better, faster decisions. 

Partnering with New York State Energy 
Research and Development Authority 
(NYSERDA), Citigroup began the process 
of improving component and system-level 
efficiency in their 40,000 ft², 1986 legacy 
data center. They received funding from 
NYSERDA’s FlexTech program to improve 
energy efficiency using the Digital Twin. 
After a comprehensive site audit and 
engineering analysis, Citigroup used The 
Green Grid’s Performance Indicator (PI) to 
quantify and evaluate their data center’s 
performance. The facility’s IT thermal 
compliance, space utilization, and year 
averaged PUE were used to calculate a 
baseline PI for the facility. 

Citigroup & NYSERDA Citigroup’s objective for this project was to achieve cost savings by 
reducing the energy consumption of their HVAC system. However, as a mission critical facility, 
they had to first ensure 100% IT Thermal Conformance and 100% IT Thermal Resilience for 
their assets. The Digital Twin allowed Citigroup to pursue remediation with full visibility into the 
immediate impact on IT thermal compliance. Moving forward, this visibility will allow them to 
safely continue with their IT growth plan.
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Citigroup used the engineering simulation 
results to find and fix a range of issues in 
the facility, which were primarily within the 
cabinets. For example, in several of the 
facility’s network cabinets, simulation results 
showed IT exhaust flow directly feeding into 
the inflows of neighboring IT (figure 1), raising 
equipment inlet temperatures and contributing 
to the facility’s thermal compliance issues. 
Citigroup designed and simulated custom 
blanking solutions to prevent recirculation in 
their network cabinets. 

The Digital Twin pinpointed the worst 
performing cases, where remediation efforts 
would have the biggest impact. This prevented 
over-engineering and blanket solutions, which 
kept remediation costs down. The designed 
solutions reduced inlet temperatures by 27%. 
Without the visibility provided by the Digital 
Twin, it would have been impossible to arrive 
at such an optimal and low-cost solution 
within such a short timeframe. Remediations 
like these allowed all cabinets in the facility 
to fall within the ASHRAE allowable and 
recommended temperature ranges (figure 2).

Post-remediation, the data center secured 100% Thermal Conformance and Resilience, thus 
meeting Citigroup’s objectives. The PUEr score was improved to be within 1% of The Green 
Grid’s suggested range of compliance and additional HVAC system savings were unlocked for 
facility cooling loads beyond the data center. Substantial energy savings were made achievable 
without risk to the facility’s Thermal Conformance or Resilience. 

Figure 1: Comparison of aspirational and baseline performance

Figure 2: (Left) IT exhaust flow can be seen feeding into 
neighboring IT inflows, raising their inlet temperatures. (Right) The 
new blanking system prevents this from occurring.

Citigroup’s economic analysis estimated that the facility’s remediation 
efforts resulted in over $290,000 in potential annual energy savings.
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The Data Center Digital Twin from Future 
Facilities: A Solution for Everyone
The Digital Twin has something to offer 
everyone in the data center industry. Let us 
show you how to integrate and individualize 
the Digital Twin for your project. 

Request a demo here. 

Manage Capacity Costs
Control resource utilization to realize data 
center project’s business potential

Manage Reliability
Meet SLA requirements and reduce 
operational risk in a safe, virtualized 
environment

Manage Response Time
Streamline individual and collective efforts 
to manage your data center

Manage Total Cost of Ownership
Enable “fit-to-order” capacity planning 
approach

https://www.futurefacilities.com/company/contact-us/
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Who is Future Facilities? 
We are a software company dedicated to 
building a better future for your data center. 

Future Facilities sees the data center 
industry in terms of our customers’ end goal: 
the data center operating as efficiently as 
possible without any risk. How do we help 
our customers realize this goal? By creating 
software that consolidates and connects the 
different aspects of data center planning and 
operation from chip to chiller. We deliver the 
Digital Twin, a software-based methodology 

that simplifies data center management.

In 2006, we created our CFD software for 
data centers. In 2009, we created the fastest, 
most accurate thermal simulation software 
for electronics. In 2016, we created our 
web-based capacity planning software for 
data centers. Our current line-up makes up 
the Digital Twin—one streamlined platform 
that integrates all aspects of electronics 
design, data center planning, and data center 
operations. 

Contact us here to learn more about our products and 
services, or start your free 30-day trial today here.

https://www.futurefacilities.com/company/contact-us/
https://www.futurefacilities.com/free-trial/



