
WHEN CONVECTION  
IS COOL 
It has been estimated that the world’s data centres use about 200 TWh of electricity per year, and this 
figure is growing. Ironically, almost all of the energy consumed by computer processors is wasted; it is 
largely dissipated in the form of waste heat. Indeed, as much as half of a data centre’s energy 
requirement may be devoted to preventing the servers overheating. Is there a way to capture that 
thermal energy and put it to good use instead? One solution from a company that has secured Shell 
Ventures’ backing is hinted at by its name: Asperitas. This refers to a cloud formation associated with 
convective air currents in the atmosphere. Appropriately, the eponymous company’s solution relies on 
the convective circulation of a liquid coolant: not just any coolant, but a proprietary Shell immersion-
cooling fluid.

At the end of 2019, Asperitas gained international 
recognition for having come up with one of the 
innovations for addressing energy inefficiency 
selected by a panel of World Economic Forum 
experts. The company’s Immersed Computing® 
system uses a cutting-edge fluid engineered 
specifically for immersed computing called Shell 
Immersion Cooling Fluid S5 X. The Asperitas 
cooling system very efficiently transports away 
almost all the heat given off by the information 
technology (IT) equipment so that it can be used 
elsewhere. The result is an improvement in server 
performance and, at the same time, a reduction in 
data centre energy use.

To learn how the Immersed Computing system was 
commercialised, TechXplorer spoke to Maikel 
Bouricius, the marketing manager of Asperitas; 
Eduardo David de Azevedo, a product-application 
specialist for Shell process oils; and Maurice 
Benning, venture principal at Shell Ventures.

Maikel began the discussion by explaining how 
and why Asperitas was formed and what 
differentiates it from its competitors. “Data centres 
use a lot electrical power, typically upwards of 
several megawatts, much of that power being 
dissipated as heat by the computer server 
electronics. The challenge was to reduce their 
power consumption then further mitigate their 
environmental impact by using the heat from the 
electronics to save energy elsewhere.

“The members of the small team that formed 
Asperitas in 2014 all had data centre backgrounds 
and knew that sustainability was a growing 
concern in this line of business. I brought 10 years 
of experience in developing clean-energy solutions, 
including looking into ways of heating greenhouses 
in the Netherlands using waste heat, and knew 
how hard making a case for using air to transfer 
heat can be (Figure 1). I knew that heat produced 
at one end of the street could not easily be moved 
in a stream of warm air to satisfy the demand for 
heat at the other end. But, at the same time, I knew 
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Liquid in a lava lamp circulates by convection carrying heat 
from the bottom of the vessel to the top. Asperitas uses the 
same phenomenon to cool computer server components. 
Because this liquid cooling is thermodynamically more 
efficient than other cooling techniques, Asperitas can lower 
a data centre’s energy requirements and ultimately reduce 
its carbon dioxide (CO2) emissions. 



that it is very easy to transfer heat from one place 
to another using warmed water.

“Asperitas was formed to solve this problem. 
We developed a simple system that respects a basic 
principle of thermodynamics: the hotter a working 
fluid gets, the more useful it becomes. This is where 
our Immersed Computing solution has a unique 
advantage over other computer cooling systems.”

What is in the box?
In the Asperitas system, servers are mounted in 
containers filled with a liquid that circulates by 
natural convection (Figure 2). Warmed by contact 
with the processors and other components, the 
fluid becomes less dense and rises, carrying with it 

heat that is then transferred to piped water by heat 
exchangers immersed in the fluid. 

Asperitas became a partner with Shell after 
winning the 2018 New Energy Challenge, a 
competition for entrepreneurs developing 
technologies to accelerate the energy transition. 
Maurice described what happened next. “I was on 
the jury that selected Asperitas as the winner of the 
challenge, which is supported by Shell and others. 
The prizes from Shell included $100,000 and a 
year of business support from Shell Ventures that 
led to strategic introductions across the 
organisation and resulted in collaborations with 
teams at Shell laboratories in Hamburg, Germany, 
and Shanghai, China.”   

FIGURE 1
Conventional data centre cooling systems are costly to run, take up large amounts of space and do not remove 
heat efficiently for reuse. 



Eduardo, who led the coengineering of the new 
Shell Immersion Cooling Fluid S5 X, described the 
role the laboratories and Shell technology centres 
played. “We engineered a gas-to-liquids 
technology based fluid specifically designed for 
immersion cooling of computer electronics, one 
with excellent thermodynamic properties, very high 
purity and high oxidation stability. We evaluated 
its compatibility with IT hardware components, 
including elastomers, plastics, metals and other 
materials, in accelerated stability tests that 
demonstrated the fluid’s long-term performance 
within the complete immersion-cooling ecosystem.

“The result is Shell Immersion Cooling Fluid S5 X, 
which is optimised for natural-convection-driven 
cooling solutions but can be used in pumped- or 
forced-circulation systems as well. The significance 
of the immersion-cooling project was recognised 
when it won the ’Harnessing the Power of 
Technology’ category in the Shell Projects & 
Technology Director’s Q1 2020 Awards.”

The idea of exploiting natural convection to 
circulate a coolant is simple and well-established, 
but certain aspects of the internal layout of the 
Asperitas modules merited patenting. One is the 
way the circulation of the dielectric liquid is guided 
over the components so that its temperature 
increases from about 25°C at the bottom, where 
the components that need the greatest cooling are 
located, up to 55°C or higher at the top.

Maikel is keen to emphasise the importance of this 
aspect, which addresses one of the challenges 
alluded to earlier: getting a heat-transfer medium 
sufficiently hot to be useful.

“In immersion-cooling systems that rely on forced 
circulation, all the fluid is at the same temperature. 
It must be at between 25 and 30°C to cool the 
processors, but that means it delivers low-grade 
heat that is difficult to use.

“In contrast, the temperature gradient in the 
Asperitas fluid enables us to cool high-power 
processors efficiently at the bottom, where the fluid 
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FIGURE 2
(a) An Asperitas AIC 24 module. (b) A schematic diagram of the 
self-induced, double symmetrical vertical circulation of 
the cooling liquid.



has the lowest temperature. We aim to position less 
temperature-sensitive components in the middle 
layers and harvest heat at a high temperature near 
the top. This approach is very simple, it eliminates 
hot spots and means the system is self-regulating: 
the hotter the processors get, the faster the 
convective flow and the greater the cooling effect.

“Raising the fluid temperature at the point of heat 
extraction is important because it means that the 
heat from our systems can be used in many 
applications with little or no upgrading. The heat 
is extracted with water, which can be piped over 
relatively long distances. Managing the 
extracted heat is not part of our business model; 
we leave that to others. But there is an obvious fit 
with Shell’s New Energies business. Having its 
support is one of the great benefits of our 
partnership with Shell.”

Taking the heat
New Energies has, in fact, put together a value 
proposition for the reuse of heat in the 
Netherlands and elsewhere, but that is only part 
of the strong cross-business collaboration that 
makes the Asperitas investment different for Shell 
Ventures. Maurice explained, “I often get asked 
why Shell, an energy company, is interested in 
data centre cooling. The reason is that it is a 
platform on which to build an integrated value 
proposition for decarbonisation (Figure 3). We all 
know that data centres face a big challenge; 
Google, Amazon, Microsoft and other users of 
high-performance servers all want to build 
sustainable, reliable facilities. The immersion-
cooling solutions offered by Asperitas can do 
more than reduce Big Tech’s energy consumption: 
they could help in emission reduction. Even if 
Google achieves its aim of using green energy 
24/7, Asperitas can make that more efficient 
through the reuse of the heat. That is a complete 
value proposition that speaks to the needs of all 
data centre customers.

“Sustainability is also about addressing growing 
societal pressures to manage energy and water 
consumption in the context of a circular economy. 

This is a real issue; some European countries are 
already implementing wide-ranging environmental 
and energy policies including regulations that 
require new data centres to reuse heat as a 
precondition of permits being granted. We expect 
to see the same elsewhere. Asperitas is well 
positioned to help industrial park developers 
because its cooling systems deliver water at 
sufficiently high temperatures to be used by many 
district heating systems or factory processes.”

Get off of the cloud
Despite the internet being inherently resilient, the 
concentration of cloud-computing infrastructure is 
causing concern. For historical reasons, one-third 
of digital traffic goes through 10 or 15 major hubs; 
this exposes users to issues of latency and the risk 
of disruption. As a consequence, there is growing 
interest in establishing data centres in new 
regional hubs.

Asperitas’s system has significant advantages in 
these settings and supporting its development fits 
well with Shell’s ambition, in collaboration with its 
customers, to position itself as a net-zero emissions 
business. It will be possible to locate more 
sustainable data centres in places that are better 
for users.

Maikel described how Shell is helping Asperitas 
to participate in this global redistribution of 
cloud-computing resources. “There are good 
reasons for data centres to move nearer their 
users; doing so has the potential to create a lot 
of demand for our systems in new cloud-
computing infrastructure at the outer edges of the 
network. In fact, we deliberately chose our 
company name to reflect this: asperitas is a type 
of atmospheric cloud formation that only recently 
got its official designation.

“We also expect an increasing number of 
opportunities in emerging markets such as Asia 
and Africa, where data centres are likely to be in 
dense urban areas with high ambient 
temperatures and humidities. It is difficult to 
operate conventionally cooled systems   



efficiently and sustainably under these conditions. 
Our systems offer a solution because they raise 
the cooling fluid to relatively high temperatures 
and so can readily shed the heat they extract, 
even under these conditions.

“Early on, we did not have an extensive global 
sales force to go after these markets, but, thanks 

to the Shell Global Commercial team, which has 
helped in developing a joint sales and marketing 
action plan, we are now in a good position to 
pursue opportunities around the world. 

“We have been really impressed with the leverage 
that the Shell Ventures team has and their goodwill 
in using it on Asperitas’s behalf; both internally, 

FIGURE 3
The reuse of heat is a key element in an integrated Shell value proposition to decarbonise data centres that offers a range of 
cost reduction, resilience, efficiency and sustainability benefits (top right).
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with the New Energies and lubricants businesses, 
and externally, with Shell’s strategic partners. Shell 
also helps in areas such as health and safety, 
recruitment and onboarding, and back-office 
operations: things that we need to do properly if 
we are to work with enterprise-level customers but 
that are hard for a start-up or scaleup team like 
ours to focus on.”

Computing is coming home
In addition to the decentralisation of cloud 
resources, Asperitas expects more enterprises, for 
example, in software development and scientific 
research, to update data centres at their own 
premises. In fact, about half of the world’s forecast 
corporate computing workload is expected to be 
handled internally. Asperitas’s cooling technology 
is well suited to supporting this trend by enabling 
standardised, easy-to-install and easy-to-scale-up 
data centre solutions.

In February 2021, the data centre for high 
performance computing (HPC) at Shell Technology 
Centre Amsterdam was scheduled to become the 
first Shell facility to adopt the Asperitas immersion-
cooling technology. The deployment makes this 
data centre not only more environmentally 
sustainable but also more accommodating to 
next-generation computing hardware.

“We see such HPC applications of Asperitas 
systems as a route to developing enterprise 
customers. So, the Shell installation is an important 
use case for us,” said Maikel. “It started out as a 
pilot to validate our technology for future scaleup. 
But, coincidentally, the Shell HPC team was 
tendering for a replacement for one of its clusters. 
When we were awarded the work on a commercial 
basis, we took it as an opportunity to collect data 
for the lubricants team. As a result, Shell Projects & 
Technology can observe our system’s performance 
in a live environment and, at the same time, 
improve the performance of the coolant on the 
basis of the gathered data. It is a unique 
opportunity that is possible only because of the 
partnership we have.”

How big is the immersion-cooling prize? A typical 
data centre would use about a hundred Asperitas 
units, each containing 500 L of Shell Immersion 
Cooling Fluid S5 S. With thousands of regional and 
in-house data centres and several hundred 
hyperscale data centres, the immersion-cooling 
market is predicted to reach $1.8 billion by 2022 
(Figure 4). With numbers like this, it seems that the 
sky is the limit for Asperitas. Which is fitting for a 
company named after a cloud.  

Left to right: 
Maurice Benning, Maikel Bouricius and  
Eduardo de Azevedo

FIGURE 4
Predicted growth of the global market for liquid 
immersion cooling for data centres. Sources: 
Technavio, “Global data center liquid immersion 
cooling market 2018–2022”; Mordor Intelligence, 
“Global immersion cooling market in data centers – 
growth, trends, forecast (2019–2024)”.
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