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Preface

Welcome to the engine rooms of the Internet.

Filled with rows of sophisticated computing equipment, massive air conditioners and elaborate electrical 
systems, Data Centers power the Internet, foster productivity, and drive the global economy. �ey�re also �at 
out cool�ultramodern technology chambers with peta�ops of processing and megawatts of electrical capacity.

I began working in Data Centers more than 15 years ago, �rst stocking supplies and inventorying hardware, 
and eventually designing and managing dozens of these specialized computing environments for Cisco. I also 
visited hundreds of other Data Centers during those years, taking tours and chatting with their designers and 
managers whenever possible. Data Center folks are all trying to wrestle the same set of physics to the ground, 
and I�m always curious to see what elegant (or maybe not so elegant) solutions people have implemented.

�e idea for �e Art of the Data Center orginated in 2009 while I was working on a di�erent book, Grow a 
Greener Data Center. I was writing about geothermal cooling and wanted to provide examples of Data Centers 
constructed underground and discovered Bahnhof �s co-location facility in Stockholm. Housed in a former 
nuclear bunker, it was dubbed ��e James Bond Villain Data Center� by several technology websites thanks to 
unique features such as man-made waterfalls and a glass-walled conference room that looms over its data hall. I 
smiled at the cinematic touches such as dramatic lighting and arti�cial fog and wished I knew more about it.

Why did they build the Data Center to look like a super-villain�s headquarters?  How much did those features cost?  
How did they get standby generators into that underground space?  Wait�is that a �sh tank in one picture?

None of those details were relevant for my book on green Data Center design, so I moved on. �e idea stayed 
with me, though. Find the most compelling Data Centers, explore their innovations and ask the people who 
built them to share their insights and lessons learned.

And so, a few years later, here we are. Bahnhof �s Data Center �nally gets its due in Chapter 3, as do 17 other 
server rooms that are also notable for their unique features and groundbreaking technologies.

Who Should Read This Book
�e Art of the Data Center is for anyone intrigued by architecture, sustainable design, computing environments 
or technology. Although IT, Facilities, and Data Center professionals will be most familiar with some of the 
topics that are discussed, a background in those �elds is not required. You don�t have to be a civil engineer to 
appreciate San Francisco�s Golden Gate Bridge and you don�t need to be a Data Center person to marvel at 
these impressive facilities.

How This Book Is Organized
�e Data Centers pro�led in this book are displayed in alphabetical order, typically by the name of the 
organization that operates them.
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Figure 1-1	 ACT’s Data Center in Iowa City, Iowa, was the first in the United States to be certified 
LEED-Platinum. Image provided courtesy of Neumann Monson Architects.



Chapter 1

ACT

Essential Details

ORGANIZATION:  ACT, Inc.

Location:  Iowa City, Iowa

Online:  March 2008

Notable features:  Closed-loop geothermal cooling, HVAC dry coolers, tornado-resistant structure,  
hot and cold aisles. Active-active configuration with a second Data Center 5 miles (8 km) away, linked  
by ACT’s own dark fiber. LEED-Platinum certified.

Time to design and build:  13 months

Size:  6,700 sq. ft. (622.5 sq. m) total, with 4,000 sq. ft. (371.6 sq. m) of hosting space.

Power:  Two .9 MW feeds; IT usable capacity of 270 kW 

Tier:  III

Cabinet locations:  150

Power Density:  6 kW average per cabinet, 11 kW maximum

Infrastructure Delivery:  Structured cabling above cabinets. Electrical conduits and air cooling delivered 
under a 36-in. (91.4 cm) deep raised floor.

Structural loading:  300 lb. per sq. ft. (1,464.7 kg per sq. m) 

Fire suppression system:  Double pre-action wet sprinklers, FM200 gaseous fire suppressant. VESDA 
detection system.
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Other things where we faced some challenges or opportunities, LEED framework 
is to provide daylighting into sta� spaces. Here we were with a Data Center 
project that needed to be tornado resistant, all the usual security concerns and 
all those kind of things. So that was an interesting challenge. What we ended up 
doing�again, when you walk up you don�t really notice it�so there�s a curtain 
wall on the exterior of the building, however we established a separate interior 
vessel that was actually the tornado resistant portion of the building.

While we incorporated tornado resistant glass, you cannot have at least at this 
point (in time)�I�m sure there�s probably bullet-resistant stu�, but we were on 
a budget. So we came up with that design, not really a compromise it was just a 
design solution.

�at�s one where I would say if you were just building a non-LEED building it 
just would have been a concrete exterior wall. We put some additional funding, 
not signi�cant, in to the project for that curtain wall. However, it really adds 
value. I mean, wow, when you walk into the building and the sta� lab space and 
conference area it�s nice to have the windows and to get light and be able to look 
out. �ose are elements that are part of that.

And then from the site and so forth we have restored natural prairie vegetation, 
non-irrigable, that kind of thing. Again, it�s just there. Do you think it looks odd 
and it�s something really special? Not really.

It�s just details, details, details and not losing sight of the overall vision. And for us 
it was that dual goal.
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that through automated controls and sensors or if we�re aware that we�re in to a 
warning area we can also remotely or at the Data Center put it in that mode.

And then we put the generator inside the building. �e sole reason was to protect 
it in the event of a tornado type event. It�s nice from a vandalism point of view, 
too, but it�s really the tornado thing that drove that. Again, the building could 
be standing but most likely in a tornado event power to the building you have 
to assume would be interrupted and so we need that generator to be functional. 
So it�s within the building. �en you have the obvious problems of trying to 
get a massive amount of air into that generator space for cooling primarily and 
exhausting it. And so, on the air intakes and exhaust there�s structural (barrier)�
the best way to describe it is an array of steel tubes that would prevent a tornado-
driven 2-by-4 or whatever to be able to penetrate in and damage the generator.

Figure 1-5	 ACT placed the Data Center’s standby generators inside the building to safeguard them 
from tornadoes. Image provided courtesy of Neumann Monson Architects.
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I�m happy with how we have done there. �at requires cross-discipline 
approaches. I think sometimes you just get some of these egos. It can enter in. 
You get someone people in and they feel it has to be their way. �at�s easier said 
than done to get past that.

Figure 1-7	 Chilled water piping for ACT’s Iowa City Data Center. Image provided courtesy of KJWW 
Engineering Consultants.



Figure 2-1	 Affordable Internet Services Online’s Data Center operates entirely on solar power.  
Images provided courtesy of AISO.



Chapter 2

Affordable Internet Services Online (AISO)

Essential Details

ORGANIZATION: Affordable Internet Services Online (AISO)

Location:  Romoland, California

Online:  April 2005

Notable features:  Solar power used as primary power source. Air conditioners use atmospheric energy 
process to produce cold air. Solar tube lighting and a rainwater collection system.

Time to design and build:  6 months

Size:  2,000 sq. ft. (185.8 sq. m) total, with 400 sq. ft. (37.2 sq. m) of hosting space

Power capacity:  110 kW from on-site solar array

Tier:  III

Cabinet locations:  15

Infrastructure Delivery:  Power, cooling, and cabling infrastructure are provided overhead

Structural loading:  Undetermined

Fire suppression system:  Aerosol
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Data Center. It�s only available for a limited number 
of hours each day. It�s prone to interference by the 
weather. Beyond those limitations, solar generates a 
miniscule amount of power relative to what a server 
environment consumes. It certainly can�t serve as the 
primary source of power for a Data Center. 

Or can it?

Affordable Internet Services Online (AISO) offers what 
is believed to be the world�s only fully solar-powered 
hosting company. Located in Romoland, California, 

about 70 miles (112.7 km) southeast of Los Angeles, the Data Center and accompanying of�ce space run 
entirely on solar power by ruthlessly stretching each watt produced by an array of 120 solar panels.

The building�s white exterior and foliage-covered roof reduce how hard the cooling system must work, for 
instance. Seven mirrored tubes bring natural light into the facility during the day, while energy-ef�cient LED 
lighting is used at night. Tiny wind turbines installed within the building�s air ducts even harvest energy from 
the passing air, charging batteries to run AISO�s of�ce computers. The site also includes a 10,000-gallon 
(37,854.1 liter) rainwater collection system, allowing it to operate without drawing upon the municipal water 
supply.

The two technologies that bring the most energy savings, though, are virtualization�AISO has a 60:1 ratio 
of virtual to physical servers�and an extremely ef�cient air conditioning system. The Data Center�s 5-ton 
Coolerado air conditioners use the same latent cooling process, known as the Maisotsenko cycle, that transfers 
heat to a thunderstorm and makes the surrounding cooler area. According to the manufacturer, the units 
consume up to 90 percent less energy than conventional air conditioners.

Despite the Data Center�s relatively small size, it serves more than 15,000 clients, ranging from Krispy Kreme 
Doughnuts to the Jacques Cousteau Foundation to the San Diego Convention Center, and its green technologies 
save an estimated 150,000 lb. (68,038.9 kg) of carbon dioxide per year.

Phil Nail, AISO�s founder and chief technical of�cer, talks about the company�s solar-powered Data Center. 
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The Interview

Solar is not typically used as a primary power source for a Data Center 
because it can’t generate the massive amount of energy demanded 
by most server environments and because it’s not an always-on power 
source. What prompted you to use solar power and how did you 
overcome those limitations?

We went solar because of the fact of where we are. In Southern California we get 
a lot of sun, we don�t really get wind here. It�s the best thing to do. Really, it�s the 
right thing to do because any time you can use renewable energy you�re better o�.

We took this step back in 2001 (with a previous server environment) before the 
green movement. We kind of pioneered running the Data Center this way. It 
was challenging going solar because there were a lot of things we had to consider. 
We had to reduce our power consumption and be very conscientious of what 
equipment we use in our Data Center.

For us it was the right thing to do and the only thing to do. We just had to do it 
and we had to �gure it out and we had to make it work for us.

How are you storing the energy that you collect?

We have large backup units that actually hold all of the energy and store it. �e 
thing is with most Data Centers, now with the green movement that is out there, 
most of them just try to buy green credits to make it look good. 

“We had to reduce our power consumption and be very 
conscientious of what equipment we use in our Data Center.”
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their Data Center designs instead?

No, not just that. I just think they need to be trying to green their Data Center 
as much as possible and do everything they can possibly do and not whitewash 
it�or greenwash it you would say�by doing the energy credits. A lot of them 
will say �Hey, we�re green, we�re running green servers, we�re running all this green 
stu�.� But you have to really drill down and read every single word that they 
have and �nally somewhere in there�ll be a couple little words that say �Well, we 
buy energy credits.� And I hear this so much from clients. �ey say �Yeah, these 
companies look really good but boy after you really start reading on it then you 
want to run.�

I think that small Data Centers should try to incorporate alternative energy 
solutions in to their designs. It would be very di�cult for larger Data Centers to 
run completely o� alternative energy due to the size of their footprint.

Figure 2-2	
AISO’s small 
number of servers 
makes it possible 
to run entirely on 
solar energy.

Was there a particular challenge that you had to overcome in order 
to run entirely off of solar energy? Have you done something that you 
think other companies can’t do? If they can, why do you think most 
aren’t?

Yeah, I think we have done something that�s di�erent than what a lot of 
companies have done. I think a lot of them just aren�t doing it because of the cost 
factor. And because of the fact that they�re afraid of about making that change. 
A lot of these companies, too, they have a lot of red tape. Just because the IT 
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department doesn�t want to do it doesn�t mean all of the other divisions do, and it 
takes six to eight months to get anything done.

First thing we had to do was completely change the way we run our Data Center. 
We had to reduce the amount of power we were using which meant we had to 
reduce the amount of equipment we were running. We also had to change the 
way we cooled our Data Center. I think we have pioneered the green Data Center 
by doing something others would have been afraid to do.

Most Data Center operators these days want to show they have green policies in 
place but most just opt for purchasing green certi�cates. Our neighbor worked for 
the electric company running all the high voltage lines and oversaw the operations 
and he told me that there is no possible way that a company can choose to get 
only wind generated or solar generated power because all power coming in to the 
station or substation goes into a pool and then is sent out to customers who need 
the power. At any given moment the power company may need extra power so 
they check with other states and power companies and if that company has extra 
power available it is sent into the electric pool. �at means any one of us who do 
not purchase green certi�cates still get some green power. We just do not know 
from who and how much.

Talk a little bit about the cost issue. I assume you mean the upfront 
capital cost to install a solar system. Did you find the system to be 
notably more expensive than a conventional power system?

Oh sure, yeah. I�m not sure what our cost was, it has been so long. But I can tell 
you that it de�nitely is very expensive to do and there are a lot of things that 
need to be �ne-tuned after you install it. �ere are a lot of things that you have to 
�gure out that you hope will work and there�s a lot of trial and error.

Getting started is extremely expensive but in our case it has paid o�. Most 
companies look at the ROI before they invest and the ROI (return on investment)  
in most cases can be 10 to 15 years.

“First thing we had to do was completely change the way we run 
our Data Center.”
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looking to put a solar energy system in place to power their Data 
Center?

I can�t think of something o� the top of my head. Every installation is going to be 
di�erent, depending upon what they�re running, how they�re running it. I don�t 
think they�re all going to be the same. You�re going to have individual challenges 
for every single one. It all depends on cooling. �ere are a lot of di�erent 
con�gurations.

With that extra cost up front, did you have a sense of your return on 
investment and how quickly you would make your money back due to 
reduced energy costs?

We didn�t even take a look at that. Most companies they want to know what the 
ROI is before they even think about doing it. We just did it because we thought 
that�s the right thing to do. We �gured it would pay o� in the long run we just 
didn�t know how long.

What made you decide to locate your Data Center in Romoland?

We�ve always had the Data Center right next door to our house. We were looking 
for a piece of property that we could build a Data Center on and get up and walk 
next door and go to work.

We were looking for a nice place that had some property that was close to the 
cities but also out enough so that it could be very low key. Nobody would ever 
know that we were a Data Center, driving by.

Another way that you’re leveraged solar power is through the use of 
solar tubing and windows. Did you have any security concerns about 
using them?

No security concerns at all. �e solar tubes are small in diameter so no one can 
simply knock o� the top and climb into the Data Center.
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Figure 2-3	
Solar tubing 
and skylights 
supplement the 
lighting in AISO’s 
Data Center.

Tell me about your air conditioning system. I understand that the units 
you have installed actually work more efficiently in warmer conditions.

Our AC units work extremely well 99 percent of the year. �e other 1 percent we 
need to run regular AC to help knock down the temperature inside. �e reason is 
the AC units use water and do not work well when the humidity outside is high. 
�e units we use are water cooled and can take 110 degree (43.3 Celsius) outside 
air and cool the air down to 65 degrees (18.3 Celsius).

�ey work very, very well. �ey�ve been a really good thing for us. Because they 
use water we have some large tanks we use to catch the precipitation when it does 
rain out here. We collect that water and pump it to the Coolerado switch and it 
in turn cools the Data Center. It only has about two moving parts, so the average 
power consumption is only about 200 watts, which is nothing.
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it was down more than it was up. Our air conditioner guy was looking online 
one night and he happened to �nd Coolerado. We went down and saw them at a 
trade show and loved what we saw so decided to go for it.

Figure 2-4	 AISO’s air conditioners use an atmospheric energy process to produce cold air and are 
more energy efficient than conventional units.

I was amused to learn that you have tiny wind turbines in the ducting 
of your building. Where did you come up with the idea for that?

It just came to us. We said ��is looks like a pretty good idea. Let�s just try it.� 
A lot of the things that we do, it just comes to us in the middle of the night or 
whenever, and we just go for.
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�e power from the turbine is used to charge small batteries (which then power 
employee computers). We use all thin clients for our computers in the o�ce, so 
they don�t use much power.

Speaking of that, please talk about how you are using virtualization 
technology.

Virtualization has played a major role in the running of our solar powered Data 
Center. First o� we had to eliminate all the high energy computers, servers, and 
equipment. �en we decided on using NetApp for our SANs as they are the most 
reliable and most energy e�cient. We chose the IBM servers as they were the 
most energy e�cient servers we could go to. �ey are running the most energy 
e�cient power supplies and the most energy e�cient processors on the market. 
One hundred percent of our Data Center is virtualized, which also makes it 
extremely easy to manage.

We�ve gotten away from having physical boxes for every single thing that we do. It 
just wasn�t e�cient. We use virtualization for our local computers and we use that 
for all of our clients.

We started o� with physical boxes and we migrated to virtual machines. We have 
chosen VMware to go in to our virtual infrastructure. We started o� with iSCSI 
and that was a nightmare, because that didn�t work very well. After we had 100 
or so servers migrated across, we had a lot of slowdown issues so we had to get 
o� iSCSI real quick and move into a di�erent protocol. �at was really the only 
challenge that we had. Other than that it has been just the best thing ever.

It�s very, very easy to manage. It has made our life so much better. If a client server 
goes down and its 2 o�clock in the morning, we can just VPN in, get on and do 
a simple reboot. Bring it right back online from our cell phone. It�s very easy, 
secure, and simple to manage.

It�s so reliable. It just runs. I could never go back to physical servers again.

“I could never go back to physical servers again.”
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Figure 2-5	 Use of virtualization has allowed AISO to expand its computing power in a small 
physical footprint.
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Obviously not all Data Centers are using virtualized servers to the 
degree that you are. What do you think might be holding someone 
back from implementing virtualization?

I just think, especially companies that have a lot of equipment, you just have to 
jump up and do it. A lot of them are still afraid to do it. Plus, they want to do a 
tremendous amount of testing. �e bigger the company, the longer the testing. 
For us, we�re a small company so we can just jump out and do it and we don�t 
have to jump through a lot of red tape.

Most Data Centers allow clients to rent racks to put in their own equipment and 
servers. Because of this model they can�t simply go virtual.

Turning to your electrical system, your standby generator uses propane 
rather than the more common diesel fuel. What made you choose that 
system?

It�s cleaner. It burns cleaner and we just felt that that was really the best way to 
go for us. We�re in a rural setting and we didn�t feel�being an environmental 
company the way that we are�that diesel was going to be the right choice.

It�s easy (to use). You need more fuel you just call the truck, they come pump it in 
and you�re good to go. You�re not dealing with underground tanks or any of those 
other things you would have to deal with, with diesel.

You previously mentioned the rainwater collection system at your site. 
How much water does that typically collect?

We had a rain at the end of the season, and in just a few hours we had over 6,000 
gallons (22,712.5 liters) of water. So it can collect it pretty quick. �e cooling 
system uses only 50 percent of the water, so we take the remainder and keep our 
landscaping up.
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Figure 2-6	 AISO harvests rainwater to cool its Data Center and for landscaping. Collection tanks 
can hold 10,000 gallons (37,851.1 liters) of water.

You started with the solar infrastructure and then put in other 
infrastructure efficiencies over time. What challenges, if any, did you 
have in introducing new technologies? Were there any surprises along 
the way?

�ere weren�t really any surprises. I think the biggest thing for us was just 
explaining to clients that the virtualization was a better technology than having a 
physical box. �at was the hardest part for us.

It took a little bit of convincing them. Now, people just love it. Best way to go.
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Several of the physical infrastructure elements in your Data Center—
the solar power, the solar tubing, the Coolerado air conditioners—
aren’t frequently used today in other Data Centers. Which of them do 
you think are universal solutions or which are beneficial based on your 
particular circumstances?

Solar tubing and LED lighting is one way for Data Centers to help lower their 
cost and start down the road of being more environmentally conscientious. If a 
Data Center is located in an area that does not have high humidity then I think 
that air conditioning technology would also be a good solution for them.

I don�t think solar is going to be a global solution for Data Centers for the simple 
fact that a lot of these guys let just anybody o� the street come in and rent racks 
and load up any kind of computer system they want. If they don�t have a lot 
of land they�re not going to be able to power it. So I don�t think that�s a good 
solution. But as far as the cooling, yeah, I think that could be a real good solution 
for them. If they�re back on the East Coast, where it gets down to freezing it�s 
probably not the best technology for them, but in the warmer climates I think it 
would be a very good technology.

If you could go back and design your Data Center again what, if 
anything, would you do differently?

I�ve looked at that quite a bit over the years and I don�t think really much of 
anything. It just fell in to place very nicely the way that we did it. Other than 
maybe make it a little bigger, that�s about the only thing. �e design worked out 
really well. We�re very pleased with it.

Are there any up-and-coming Data Center technologies that you 
envision implementing at your site in the future, to make it even more 
energy-efficient?

We are always in search of more eco-friendly alternatives and more ways to reduce 
energy. Our team is very motivated and dedicated to being the most energy 
e�cient Data Center in the world and we will stop at nothing to do so.
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don�t stand straight up like your typical racks do, they lay down. You wouldn�t 
need any cooling whatsoever to use them. You actually take the fans out of the 
servers. �e racks themselves do the cooling�you close the lid on a rack and 
it�s a self-contained system. We�re taking a look at those and trying to see how 
they might �t here. We�re not sure at this point, but it sounds like a pretty good 
concept.

What design advice would you offer to someone looking to build their 
own energy-efficient server environment?

I would recommend if they start from scratch �gure out how much actual energy 
they need and build your alternative energy solutions around those numbers. 
Next I would look at how you would setup and handle the cooling and heating 
of your Data Center. Next, how will you provide light in your Data Center? How 
will you run your servers in the most energy e�cient ways and how will you do 
this being fully redundant?

Look at the insulation that you build into the facility itself. �e more energy 
e�cient it is, the less your cooling (system) is going to have to work.

And then, try to virtualize as much as you can. �e problem with a lot of the 
Data Centers is that they don�t virtualize so they just use a tremendous amount of 
power.
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Figure 3-1	 The above-ground entrance to Bahnhof’s Data Center in Stockholm, Sweden. Embedded 
100 ft. (30 m) underground in a former nuclear bunker, the Data Center retains its 
wartime codename, Pionen White Mountains. Images provided courtesy of Bahnhof.



Chapter 3

Bahnhof

Essential Details

ORGANIZATION:  Bahnhof

Location:  Stockholm, Sweden

Online:  September 2008

Notable features:  Artificial daylight, greenhouses, waterfalls, and a 687 gallon (2,600 liter) saltwater fish 
tank. Two Maybach diesel submarine engines used for standby power. 

Time to design and build:  20 months

Size:  10,764 sq. ft. (1,000 sq. m) total, with 5,382 sq. ft. (500 sq. m) of hosting space and  
2,153 sq. ft. (200 sq. m) for back-of-house systems. Remaining space is for office and personnel areas.

IT-usable capacity:  800 kW

Tier:  Not stated

Cabinet locations:  140

Power Density:  5.7 kW average per cabinet, no specific maximum

Infrastructure Delivery:  Cooling, structured cabling and electrical are delivered below a 3.3 foot (1 
meter) deep raised floor.

Structural loading:  403 lb. per sq. ft. (2 tons per sq. m)

Fire suppression system:  Novec 1230
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is forgiven the urge to hum the theme music of their 
favorite science �ction movie. That�s because the 
Internet service provider purposefully designed its 
server environment to evoke the cinematic look and 
feel of Silent Running, Logan’s Run, and any number 
of James Bond movies.

A circular, glass-walled conference room with an 
image of the moon covering its �oor overlooks the 
server area. Multi-colored lights showcase man-
made waterfalls and greenhouses. Second-hand 
diesel engines used in German submarines provide 

standby power for the facility. (A submarine sound-horn is installed near the engines and alarms in the event of 
a system malfunction.)

Cementing the other-worldly feel of this server environment is the fact that it resides in a former nuclear bunker 
about 100 ft. (30 m) below ground, sheltered behind 15.7 in. (40 cm) thick metal doors. Bahnhof has retained 
the site�s Cold War codename, Pionen White Mountains, and a few of its trappings. �These doors should be 
locked at DEFCON1� reads a placard near the entrance.

The Bahnhof Data Center is a truly one-of-a-kind facility that took shape thanks to a clear design vision, 
judicious use of explosives, and a strong desire to build something out of the ordinary.

Jon Karlung, founder and chairman of the board of Bahnhof, discusses the challenges of building an 
underground server environment and the value that his Data Center�s cinematic features provide.

The Interview

What made you choose a bunker as an ideal location for a  
Data Center?

�ere were several reasons for it, but the primary one I think (is that) we had built 
�ve Data Centers and most of them were built in traditional environments�old 
warehouse redesigns and old o�ce building redesigns�and we wanted to do 
something di�erent.
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We are geologically in a very stable area. Most parts of Sweden are built on 
granite. �e mountain, the stone is solid rock and it�s 2 billion years old. It�s one 
of possibly the earth�s oldest and most stable from a geological perspective.

�ere are fortresses and stu� from those days of the Cold War and I looked 
through most of them. I think I was in 40 di�erent spots. Most of them were too 
small or scrapped or used for something else, but this facility was still there. We 
were very lucky to get hold of it.

If you work with computers, you realize that the threat to operational computers 
is not too much. �e physical protection, okay, it must be there of course. It must 
be there, but now we have a mountain de�ned originally to (withstand) well not 
a hydrogen bomb outside the door but at least a hit somewhere in Stockholm and 
the computers probably survive even if people may not.

�e place was very big and it was also located very central in Stockholm. Our 
competitors, and many Data Centers, are often located way outside the inner city 
urban area because they can be built in a larger complex outside for a cheaper 
price. But, you see, many computer consultants they live in the town. �ey don�t 
want to travel far away to look at their boxes. It�s nice to have them conveniently 
close to the city, actually. Of course it�s very hard to �nd a great, cheap space 
where you can build a Data Center in this urban city but with one exception and 
that is these caves because nobody can use them for something else.

Sometimes they have been used as garages, but (at this site) the entrance was too 
narrow so it was impossible to build something like that. I would say it was a 
clear bene�t that the space was so centrally located and that gave us an advantage 
against our competitors. Our clients can easily access the computers and after they 
have accessed it they are in the main city area.

“It’s very hard to find a great, cheap space where you can build a 
Data Center in this urban city but with one exception and that is 
these caves...”
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Figure 3-2	 The Bahnhof Data Center’s Network Operations Center (NOC). Artificial daylight, 
greenhouses, and even a saltwater aquarium have been installed to avoid the impersonal 
feel of many conventional Data Centers. 

�e second reason:  of course, the physical protection was also great. As you 
know, when you work with a computer center, it might not be of that huge 
importance. Most errors in my work are basically caused by humans. Human 
error�that is the most frequent. Mistakes in con�gurations and whatever can 
make your environment go down. Not from some kind of big trouble with the 
physical protection.

But that doesn�t matter because the clients they like what they see. From a 
marketing perspective, they�ll of course appreciate that they feel secure. Even if I 
know that humans are more cause of problems than the physical location. �ey 
appreciate the solid feeling of the rock. �e solid feeling of the rock gives us an 
advantage compared to a conventional center.
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�e third thing was a combination. It was fun to do it. It is like playing. �e fun-
ness of it also brought us an advantage in marketing. I mean, I speak to you now 
and we have had a lot of magazines and footage from di�erent media channels 
covering it. And of course that has given us invaluable access from a marketing 
perspective. If I had to spend the amount of money on advertising it would 
have been impossible. Now we have all of this, if not for free, it has given us an 
advantage from the marketing perspective.

�e style we chose, that was about the fun-ness of it. It�s a French architect who 
has been responsible for the design, but he has been working very close to us and 
we have discussed ideas.

�e great inspiration has been one-part James Bond and one part Star Trek or 
science �ction movies and stu� like that. �at has been an inspiration source 
to do it like this. �e only thing that is missing, I was considering a white cat 
with long hair, like the character in James Bond, that Blofeld guy (Ernst Stavro 
Blofeld), and sitting in our conference room in glass and have this cat. We have 
plants, but no pets right now.

Figure 3-3	 A circular, glass-walled conference room overlooks the Bahnhof Data Center’s  
server rows. 
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it. Did you have a sense when you were designing the Data Center that 
it would be so attention-grabbing?

Absolutely. �ere is something magical about caves. I don�t know what it is but 
people are sucked in to the facility and immediately like it. Even when we were at 
a very early stage.

We de�ned it completely from the beginning.

We have blown out 4,000 cu. m (141,300 cu. ft.) of stone additionally, on what 
it was before, with dynamite. We were building it for almost for 2 years. �e 
neighbors in the area were not so happy from time to time from this dynamite. 
Once accidentally there was an explosion and the coverage from the front door 
was not enough so a small piece of stone penetrated a car outside the entrance. 
Luckily there were no people there and nobody was harmed.

When we had it very early people were very interested in it and they wanted to 
come and see it and looked. Right now we have delegations from companies 
and universities and interesting parts. And our policy has always been to be very 
open about it. We invite people and we have meetings and visit the facilities�
not where we have the servers, in that space, but in the other parts of the facility 
where you can see it very well.

How long overall did it take to design and build the Data Center?

Maybe two and a half years from the start. We hadn�t built a Data Center in solid 
rock before and this was so di�erent. It depends upon where you build it. If it�s 
in a warehouse it takes a certain amount of time but this was so special. It took us 
about twice as long as we foresee from the start.

�is was a success. It has been a commercial success and it�s a success from a 
design point (of view), from all angles, actually. Even so, I�m not sure if I had 
another opportunity to build a similar Data Center again I don�t know if I would 
do it because it was so tiresome to remove all this stone, and it was a risky project. 
It could have gone wrong. �ere could have been problems with water from the 
groundwater. �ere could have been di�erent types of problems. It is cool and it 
has been a success both technically and commercially but it was a lot of work to 
do it.
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I remember when I presented it (the proposal) to the bank, when we had some 
investment loans to carry some of the initial investment, and I told them that we 
were going to build a James Bond fortress in the mountain. �is is long after the 
dot-com time. It might have sounded like a dot-com project.

Well, it turned out good and we had investments that are not huge. We kept a 
very tight budget so it was built with very little money, actually. We put in mostly 
our own work and found solutions ourselves to do it.

Figure 3-4	
Solid rock 
surrounds the 
server cabinets 
within the Bahnhof 
Data Center.
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space is a major challenge. Were there other challenges specific to 
this site or the fact that you were building it underground?

Each problem was very unique. If you have built several Data Centers in 
conventional spaces you know basically what problems there are and what you 
have to do. But with this every day was a new one.

I was worried that big huge blocks of stone might be loose and just fall down, but 
it was not the case. It was really solid. We had some at the entrance we modi�ed 
something and when we blew up the space after that we added cement just to 
�xate some of the rocks at the entrance.

I was talking about that before, it was built in the urban city area. People were 
sleeping and living very close by. It was not a business-to-business area. �ere was 
a church above us. I was worrying that (someone from) the church might call me 
and say �Well, we have to tell you that the church has fallen to pieces� and that 
would not be so good. �at was my nightmare, but it didn�t happen.

We actually had measuring equipment placed on the buildings outside just to see 
if there were any troubles caused by the dynamite, but it turned out alright and 
we didn�t encounter any such problems.

�e area where the Data Center is located, about 30 meters (98.4 feet) above us, 
we have these old, 18th-century wooden houses. So it�s a big contrast, we have 
this fortress in the mountain and then you have these small wooden houses. It�s a 
cultural park, a preserved area for older, traditional Swedish houses and then we 
have this big church also. We have this contrast with the high high tech, science 
�ction facility and the old environment outside.

I imagine it was difficult just bringing some of the traditional Data 
Center infrastructure technology below ground, even once you had the 
space cleared out the way you wanted it.

Yes. We lowered the �oor 2 meters (6.6 feet) almost, to make the room have 
better air�ow. I would say the actual computers they are based on traditional level 
�oor cooling where they blow up cooling from the �oor and into the cabinets. I 
know there are di�erent technologies today, but our clients are mostly co-location 
customers. �ey come with di�erent boxes of all types and they want access to  
all types.
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It�s very hard to build individual coolness in individual cabinets unless you know 
exactly what type of computers or con�gurations people are using. When you�re 
doing open co-location space it must be very �exible. We have clients even with 
old power models, God forbid, but that is the case. And the client is always right. 
�en it has shown the most convenient way to do it is to have this level �oor 
cooling model.

In all other aspects it�s a conventional Data Center from a technology perspective. 
We have great redundancy. �e network is coming in from three di�erent places. 
�e electrical power is also coming in from di�erent places. �e unique stu� is 
the atmosphere and the protection it gets from the mountain.

At the early stage we discussed the use of some kind of geothermal cooling:  you 
drill into the mountain and bring up coolness from the ground. �is turned out 
to be insu�cient, we have too much energy. We investigated that but I was told 
we would have had to drill under several hundreds of homes and it would have 
been of e�ect for a limited time span. Sooner or later we would eventually warm 
up the entire mountain and then (the geothermal cooling) would have no e�ect. 
So we decided to use the outside air cooling instead. One advantage in Sweden 
is that the climate is colder, so we can very often use the outdoor temperatures in 
the cooling system. We use conventional cooling also but using free cooling from 
the outside air.

Figure 3-5	
The 
underground 
Data Center 
incorporates 
outside air 
cooling rather 
than geothermal 
cooling, to avoid 
warming the 
mountain that 
surrounds it. 
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Did you have any particular challenges around ventilation and using 
outside air, with the Data Center being embedded in a mountain 
rather than in a conventional space?

�ere was no problem in that. It was built to have air in it in the beginning 
because it was built for people. �ere is a ventilation shaft going up, on top of the 
mountain where we bring in the ventilation for breathing. It�s very clean air. It�s 
fresh air in most parts of Stockholm, but it is exceptionally good because it�s very 
high up also. We have very good air inside there.

Right now there are 15 people working there. It�s our NOC, basically, the 
network operations center for our Internet telecom operator. We have been there 
in an operational sense since it opened in 2008. We have no problems.

�ere are plants there, also. We had to bring some organic feel into it. If you are 
forcing people to sit in the mountain you must have something that humans like. 
And that is plants and we have a big �sh tank, about 2,500 liters (660.4 gallons) 
I believe, with saltwater �sh. We tried to simulate daylight, stu� like that. It�s very 
much built for people.

Did you know from the beginning that you wanted to have those sort of 
features in a facility or did that come later?

De�nitely. �at was initially planned. �ey were in the budget from the 
beginning. It was a strategic decision very early. We decided that this should be a 
nice James Bond fortress and if you have a James Bond fortress you should have a 
�sh tank.

We originally were planning to have piranha�you know, the little �shes that eat 
meat. But I was told that they are so boring. �ey just stand still and are not so 
colorful. So we decided for saltwater �sh and colorful instead. And, the plants, 
I think it was a science �ction movie Silent Running, something from the early 
�70s, where we had these space stations with greenhouses �oating around in outer 
space. �is was the original idea. Everything was de�ned with this in mind. It was 
not added on later. It was the idea to have all this from the beginning.
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Figure 3-6	 Artificial waterfalls within the Bahnhof Data Center. 

It’s impossible to argue with the logic that if you’re going to have 
a James Bond villain lair you should try to include fish tanks with 
piranha in them. That’s certainly consistent. You mentioned the raised 
floor system for the delivery of cooling. Is the Data Center’s power and 
cabling infrastructure delivered under the floor as well?

Yes, that is under the �oor. �at is why we lowered the �oor so much, to give 
us additional space. I know that you can have it above, but aesthetically we 
didn�t want to have too much stu� (visible). It should be clean and look science 
�ction-properly. �at is why we decided to have them under the �oor. It is a 
higher (deeper) space than normally so this gives good air�ow �owing in. I know 
sometimes you get problems with the cables under (a raised �oor) because they 
can hinder the air�ow, but this didn�t happen. �e raised �oor is de�nitely higher 
than in our conventional Data Centers.
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anything that you would do differently?

Maybe blow out more space. Because now we have all of the cabinets are almost 
gone (occupied) now. We should have made it bigger. �at was the mistake. It 
was a matter of cost, also.

Second, maybe even add even more (features). I designed with the plants and 
stu� like that, but we scrapped other ideas. With the ventilation shaft there 
was a possibility to build an elevator, and I was considering to have something 
like a Batman elevator (with Bat-poles) going in to the cave from the top of the 
mountain, but it was too expensive. Given the chance again I would de�nitely 
add the Batman elevator to the facility.

We were also considering a small railway from the entrance down to the center, 
but it was too complicated. Given the chance again I would add something more 
like that. And my recommendation for guys building computer centers is (to 
understand) that people like this kind of stu�. Even if you don�t have a cave you 
should de�nitely consider adding stu� that gives some kind of human touch or a 
feeling or atmosphere for the facility because computer centers can be so boring.

Many of our customers, it�s included in our o�ering, they can bring their own 
clients and can have presentations (at the site). It�s a great facility to have a 
presentation if you have some kind of new website or project to present. �e 
clients appreciate having meetings in this kind of environment. �at enhances 
their experience and gives them great value for placing their servers and 
applications here.

“I presented to the bank...and I told them that we were going to 
build a James Bond fortress in the mountain.”
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Figure 3-7	 Two Maybach diesel submarine engines, complete with accompanying sound-horn, 
provide standby power for the Data Center. 
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entertain the idea of putting a greenhouse or these other features in 
their Data Center. For the amenities that you have installed, do you 
think these are universal in that anyone who puts them in to their 
Data Center would see a benefit or are they useful at your site solely 
because you decided to have a theme?

Let�s face it. Data Centers have been built by technicians for technicians but 
sometimes we have forgotten about the human touch and to give some style on 
something. I think you have to add that.

I don�t say that you should have to build a fortress in this special style in a 
mountain that we have done. But if you have a conventional center you can 
always enhance your experience by playing around with stu� and doing it 
di�erently. Something that gives it a unique feeling. �at is often neglected. 
People spend a lot of money on traditional marketing, but just by giving these 
small items you can bring a lot of extra value. And many of the clients appreciate 
it, too. From that point of view it�s de�nitely worth it to invest and give that. 
Especially if you want people to work in the Data Center. People are more 
productive and happy if their environments are nice than if you are working in a 
boring space.

Do you have plans for any future Data Center buildouts—for any other 
Bond villain lairs if you will?

Yes. We are working on a concept with modular Data Centers. �e idea sprang 
from that fact that if you build in a mountain you realize that the mountain 
it is very hard to expand in space. Once the space is �nished you have to do 
something else. So, I would like to build Data Centers in modules where you can 
have module after module after module when you need more space.
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With those modules, are you also going to put in any interesting 
features?

Absolutely. Absolutely. I�m considering building a space theme. Imagine a space 
station on Mars or something like that, with modular tents and very scaled 
design. It should be de�ned.

If you consider the Swedish products like the Absolut vodka bottle. We can 
always say that the bottle is a bottle. But if you add some design and add some 
concept with it it enhances the experience. It�s the same. If I say �We are going to 
build modules� people will believe it�s containers, but it�s not containers. �ey will 
be designed di�erently and they will for sure give the fun factor we are looking 
for.

I have gotten a lot of publicity for this project. A mountain is a mountain, so 
maybe that is hard to top in terms of the atmosphere. But we will give our best to 
do it.

Any final advice that you would offer to others who work on Data 
Center design projects in the future?

I think you should give the human factor a great thought. Computer centers 
should be built for humans and for their clients. Most often you focus a lot on 
the technological aspects but you forget about the humans who are going to work 
there. Also, giving this design you add an experience for the client. �at is very 
often forgotten in these type of projects. Bring a human touch to the computer 
center, that�s my advice.
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Figure 3-8	 The Bahnhof Data Center’s electrical room.

Figure 3-9 	
The reception 
area at the 
Bahnhof Data 
Center.
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Figure 3-11	  
The Bahnhof Data Center’s fire suppression system features a gaseous suppressant.

Figure 3-10	
Greenery is planted in 
the Network Operations 
Center (NOC) to make 
the environment more 
comfortable for employees 
to work in.



Figure 4-1	 The Barcelona Supercomputing Center resides in the Torre Girona Chapel. Images 
provided courtesy of Barcelona Supercomputing Center.



Chapter 4

Barcelona Supercomputing Center

Essential Details

Organization:  Barcelona Supercomputing Center ‐ Centro Nacional de Supercomputación

Location:  Barcelona, Spain

Online:  April 2005

Notable features:  Server environment is located in 1920s chapel and houses the MareNostrum 
supercomputer

Time to design and build:  7 months

Size:  Overall chapel floor space undetermined. Hosting area is 1,722 sq. ft. (160 sq. m)

Power:  1.4 MW used by the entire facility, with about 850 kW consumed by computing hardware

Tier:  0

Cabinet locations:  48

Power Density:  Varies by cabinet, up to 22 kW maximum per cabinet maximum

Infrastructure Delivery:  Electrical conduits, cooling, and cabling all delivered under raised floor

Structural loading:  512 lb. per sq. ft. (2500 kg per sq. m) 

Fire suppression system:  Water mist system
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building that could be quickly modi�ed to house the 
MareNostrum supercomputer they had what some 
might call divine inspiration. They would convert 
Barcelona�s Torre Girona chapel into a Data Center.

The deconsecrated building had suf�cient space to 
house the supercomputer yet lacked the physical 
infrastructure to support what was then the �fth 
fastest supercomputer in the world. As of this writing 
MareNostrum can perform more than 94 trillion 
operations per second and includes more than 
10,000 processors. It is used for intensive computing 

tasks such as human genome research and cosmological simulations that replicate the development of the 
universe.

The challenge for the designers and builders was to upgrade the 1920s building to support the ultra-modern 
supercomputer while leaving the chapel�s distinctive architecture fully intact. The result of their careful work is 
a facility that is frequently described as one of the most beautiful Data Centers in the world.

Dr. Sergi Girona, operations director for the Barcelona Supercomputing Center, discusses the challenges 
associated with building the server environment.

The Interview

What drove the decision to locate your supercomputing center in the 
chapel?

In 2004 the Spanish government had the opportunity to buy MareNostrum, 
the supercomputer. �e reason that Spain was able to do so is because a large 
supercomputing research group from the Technical University of Catalonia was 
working, since 1980, with very good cooperation with IBM. �is o�ered the 
Spanish government the chance to get them the system. But then the deal was to 
have the system installed in four months very close to this research group, that 
is, in the Technical University. So, as you can understand, a new computer room 
setup in four months requires an existing building, but an existing building with 
some special facilities. At this point of time there were only very limited spaces 
available and one of them was the chapel, because it was a clear �oor plan of more 
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than 120 square meters (1,292 square feet) with no columns; a height of more 
than 5 meters (16.4 feet). So that was one of the possibilities, and the best one  
in fact.

So you needed to install the supercomputer in just four months. How 
long did you have to design and build the Data Center to house it?

�is comes with the story. �e agreement between the Spanish government and 
IBM was signed on March 10th, 2004. �e objective for IBM was showing the 
system in November 2004, at the next supercomputing conference, and so this 
four month requirement was in place. On March 11th, we had this horrible 
terrorist attack in Madrid that, along with the deaths and all the disaster, 
motivated a change of the governments in Catalonia and in Spain. �is meant 
that we were delayed for the construction of the computer room for three 
months. We used this three month period for designing the facility and for 
discussion, not beginning any construction, just making decisions, analysis, and 
processing.

�en after a few months they made it clear that we needed to start building up 
the facilities, so we started building in July and the facility was completely set 
up on October 12th. Because of this delay we were not able to have the system 
installed in MareNostrum in October to make the Top500, so we pre-installed 
part of the system in Madrid. IBM was providing the Spanish government with 
facilities that could host part of the system. Not the system in full production, of 
course, but a su�cient size of the systems to run the Linpack test.

The Top500 ranks the fastest supercomputers in the world using what is known as the Linpack Benchmark, a 
method of measuring a computer�s �oating point rate of execution by running a program that solves a series of 
linear equations. The Top500 is updated twice per year, at the International Supercomputing Conference (ISC) in 
Europe each June and at the Supercomputing Conference (SC) in the United States each November.

N
ote

So in reality, we started the design of the system in April 2004 until June, with 
construction spanning from July to October. �is construction include the 
computer room itself, the site facilities with the control switches and �re detectors 
and alarms, and also the electrical transformers, because we are connected to a 
medium voltage ring so we have to transform this to normal voltage.
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time to bring all of that together.

Absolutely correct. And it happens to be also in the middle of summer vacation 
here in Spain. You may know that in Spain, and normally this is true in the 
south of Europe, because of the heat it is always di�cult to have normal people 
working. It�s almost given that everybody is on vacation. You must have any 
material you need in storage before starting, or you will not get any material at all.

This is obviously not your average building to construct a Data Center 
in. What special restrictions or challenges did you have to deal with as 
part of building a server environment within the chapel?

�e �rst one is that we didn�t want to change the structure of the chapel. So that 
means that the chapel has the existing walls and we didn�t change any walls.

Second, a chapel is intended for people to get in but not for machinery to get in. 
So we have a very strict limitation on the size of equipment that can get in to the 
chapel. We are only using one door that all the material in the chapel is going 
through because all of the other doors are limited to people, so no big material 
can get in.

Another important condition is that chapels here in Spain and in Europe, I 
learned, use the chimneys of the nearby kitchen for heating inside. �at means 
that the �oor is not thick enough for having very heavy components on top. So 
we had to eliminate the chimneys on the basement of the chapel and then start 
building the facility on top of that.

And another important one:  the chapel does not have a roof that is thick or 
strong enough for having the chillers on top. So we had to install the chillers 
underground next to the chapel. For people from the United States this is a very 
weird solution, because they consider that if a tornado is coming then you can 
cover it and there is no destruction. But in Spain we don�t have any tornadoes 
and it�s more di�cult to get fresh air in these basements. So that was also another 
challenging situation.
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So were there any modifications to the building itself? It sounds like 
you very much tried to leave it in its pre-existing state.

�e only modi�cations we made in the chapel were three or four channels 
connecting from the main hall of the chapel to the corridor where we have 
installed facilities, and one big channel connecting to the outside for the chillers. 
�is is absolutely not visible because it is underground.

If someone else was trying to build a Data Center in such a special 
location, where they wanted to impact their surroundings as little as 
possible, what advice do you have for them?

To schedule properly with all the people working on the facility. Because you can 
discover very last-minute that they are thinking of working in parallel and this is 
not possible. Because everyone is thinking of his �eld but not in the others� �eld.

As an example, they were thinking of installing the beams and the glass of the 
computer room at the same time that we were installing the channels for the 
cabling. But of course you have only one space for moving the forklifts, and this 
is the space of the channels. So you have to schedule that properly on your own, 
and not to rely on the engineers that are working independently by areas of the 
project.

We have a glass box inside the chapel, ok? �is construction is governed by an 
architect. And then you have the facility inside which is governed by the engineer. 
Normally they are friends, but they don�t share lunch. You know what I mean? 
�ey talk to each other but they don�t speak the same language. So, they have 
di�erent compromises and di�erent points of view that they don�t share at all. 
Someone has to consider that part of the work.
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Figure 4-2	 The supercomputing center resides in a large glass box, providing maximum visibility of 
the surrounding chapel.

Speaking of the glass box, why did you enclose the Data Center in  
that way?

With the building completely �nished the architect told us that it is simply 
furniture inside the house, inside the chapel, because we don�t want to modify 
anything on the chapel itself. If you are installing some walls inside the chapel, 
you will destroy the image completely. If it is glass, on the other hand, everything 
is completely visible on the other side, so the chapel is always there.
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But there is also another reason. In Spain we installed the computers, called 
PCs (PC for portable computer). We installed those and we said that this place 
is called a pecera, because it�s the place of the PCs. But in Spanish, pecera is the 
translation of ��sh tank.� So we have a very big �sh tank for the computer.

Normally computer rooms have windows. Not those that are reserved in the U.S., 
but here normally you have windows to look inside. So we have a very big �sh 
tank for our computer room.

It helps at the same time for visibility and branding. Having walls that hide the 
chapel would not be a good solution. You have seen the walls of the chapel it is 
not a good solution because they are having columns on those walls that we have 
to void for the cooling of the system.

What degree of infrastructure redundancy does the supercomputing 
center have?

We have some redundancy. �is is a computer center which is for scientists 
in Spain, so we don�t have any restriction on services. We don�t have any 
severe service level agreement with our users. We decided to maintain limited 
redundancy in all the concepts.

For example, we only maintain on the UPS (uninterruptible power supply) and a 
generator the �le systems and the networking to the outside. So in case of failure 
we simply lose all the computing capacity. We made the decision based on our 
needs and on the overall total cost of ownership of the system with a di�erent 
solution.

Your power, cooling and cabling infrastructure are all delivered under a 
raised floor, yes?

Yes. Every one of those racks is using 22 kW. At that point of time the cooling 
was by air, so we decided to have a 97 cm. (38.2 in.) elevation for the �rst �oor 
and all the facilities and all the services went on this �rst �oor.

"Having walls that hide the chapel would not be a good solution.”
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connecting up to 12 CRAC (computer room air conditioning) units for a total 
capacity of 1.1 MW cooling capacity. We change the temperature of the chilled 
water depending on winter and summer time. Normally in winter we operate 
with warmer water and in summer we operate with colder water.

On the �rst �oor we also have the channeling for the power and the networking, 
with di�erent levels for di�erent channels and for di�erent concepts. One level 
for the power, a second level for the copper Ethernet, and another level for the 
�ber. We try to keep what�s called the cold aisles clean of any channel so all the 
channels are below the hot aisles.

We have these compute racks and the �oor was designed to be able to resist up to 
2,500 kg per sq. m (512 lb. per sq. ft.). �is is standard today but it was not at 
that time. So what happened is that we decide to have the entire �oor with this 
capacity and we failed on the �uid dynamic analysis, on the amount of air that 
was going through the tiles with holes.

So we substituted those tiles with open ones, and those tiles are not capable 
of handling this weight but give more air to the environment. Following this 
direction, I designed hardware that we placed in front of the rack to force all the 
air that is coming from the �rst �oor to go directly to the rack. It�s like a chimney 
but it forces the cold air to go directly inside the rack.

So we don�t have cold aisles anymore, because the cold aisle is limited by this 
device. And all the computer room is now a hot computer room. So the average 
temperature in the computer room is today 32 Celsius (89.6 Fahrenheit). We 
used to have 34 Celsius (93.2 Fahrenheit) but we changed it to 32 because of the 
heat exchange to the exterior of the chapel. In the summer time people visiting us 
complained about the heat that we were transferring to the outside.

To my knowledge, we were one of the very �rst computer rooms becoming a 
hot computer room instead of a cold computer room. We produce cold air to 18 
Celsius (64.4 Fahrenheit) but all the cold air is limited to the computer rack so 
it�s going there directly. But not by a closed cold aisle, but the aisle is completely 
attached to the device of the computer.
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What made you decide to run the Data Center at a warmer 
temperature?

E�ciency. My problem was the delta-T of the CRAC units was not very high: it 
was 3 to 4 Celsius (5.4 to 7.2 Fahrenheit) in total. Now I have a delta-T which 
is above 12 Celsius (21.6 Fahrenheit) and this means that the CRAC unit is 
working at a convenient performance for this machinery. It has been designed to 
work in this environment and we maintain it. If you operate a computer room 
in cold, then the cold air is getting back to the CRAC unit. �en it�s not having 
enough delta-T so it�s not giving all the performance that it can deliver. You are 
using those CRAC units less e�ciently.

So with these devices and operating in warm temperatures we manage to have all 
the fans of the computers working at the minimum speed. And we also manage 
to have the fans of all the CRACs working at a very low speed. Very low speed for 
this is about 70 or 60 rpm. If you are experienced with that you will know that a 
fan working at 80 percent of capacity is using 50 percent of the energy. �at really 
was a�ecting my bill. In fact, one of the things that we detected after doing all 
those modi�cations is that our electricity bill was decreased by 10 percent. And I 
can tell you that our electricity bill on a yearly basis is about a million euros. So a 
10 percent discount is some money.

So the problem is that everyone has their own point of view but you have to 
design that speci�cally. �e point is that air conditioners are normally working 
to adapt to changes, but we don�t have any change on the system. �e system 
is in full production all day long. We have a heater completely working all day 
long, 24 hours a day, which is changing temperature from 18 to 32 every day, 
every moment. We are not changing the conditions of the computer room as in a 
normal facility. It is �xed and very stable.

I assume you don’t have a lot of turnover of hardware. Are there 
regular upgrades to the supercomputer and associated hardware or do 
you maintain the same set of equipment over a long period of time?

Normally we don�t change the systems in less than 6 months. So in 6 months 
maybe another rack is coming in and an old one is going out. Shorter term we 
don�t do anything. �is is a computer room that is speci�c for supercomputing, 
other systems are located in di�erent facilities.
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Figure 4-3	 The MareNostrum supercomputer performs 94 trillion operations per second and 
includes more than 10,000 processors.

What type of fire suppression system do you employ?

I was completely against using any gas for two reasons. One, for humans inside 
the computer room, although the number of people that can get inside is very 
limited because it�s visible from the outside, so nobody is normally inside.

�e other reason is legislation. It�s changing continuously here in Europe with 
regards to which is the gas you can use for �re extinguishing. So we went with 
mist of water. We use very small drops of water at high velocity for extinguishing 
any �re.
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I was visiting them (the manufacturer) in a facility they have for testing and I 
was impressed by the results. �ey were showing me an environment where a PC 
was discharged with this water mist twice a day and the computer room is still 
operational. 

And the other more impressive one, they start a �re with gasoline inside a tank 
and it took three minutes with normal water to extinguish the �re, and it was 
extinguished because the gasoline was consumed. But they start the same test 
with the water mist and they stop the �re in 15 seconds. And they showed me 
that they can restart the �re because the gasoline was still there. So it was able to 
extinguish the �re with the fuel still available, so it was very �ne by me.

Also, if it has been �red, recharging is not so expensive. �is is an advantage 
against the gases, which are very expensive to recharge. So this is just normal 
water with some treatment. �ere is a cost but it is one-tenth the cost of the gas 
for being reloaded to the facility.

If you could go back and redesign the Data Center all over again, are 
there any design approaches that you would do differently?

With the technology today, yes. With the technology today, of course. For 
example, we are changing the facility so we will have the capacity to cool the racks 
by air or by the rear doors. So we will be having these two possibilities in the same 
facility.

What else would I change? Not really a lot of other things.

You’re referring to liquid-cooled rear doors?

Correct. We have a limitation that we can only have 48 racks in the computer 
room. �is is because of the space required for the hot aisles. Otherwise it�s too 
dense, and it�s too hot there. If we want to have an additional row (this is an 
additional eight racks) the only way we can have that is if those racks are water-
cooled. And this can be achieved with the rear doors.

So we are updating the facility to be able to have most of the racks with this rear 
door cooling. And then we will be extending the capacity of the total computer 
room in terms of power and cooling capacity. 
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more use of electrical capacity that you already have?

I will be adding more capacity and using more capacity. Right now we are using 
1.3 or 1.4 MW in total. I�m expecting to use a total of 2 MW. But I will be adding 
more capacity to still have some backup capacity, so we will be installing a total 
capacity of around 4 MW. But I�m planning to use a maximum of 2, 2.1 MW.

And the same goes for the cooling. We will be using the same we have but extending 
it for redundancy, and we are planning to expand the total capacity. So instead of 
having racks up to 22 kW we are looking for racks that can have up to 28 kW.

In a way you are getting to go back and redesign. A lot of the physical 
infrastructure is in place already, but you’re once again trying to work 
inside this building that you don’t want to impact. Has that influenced 
how you approach the upgrade?

Yes, absolutely. First of all, I will be thinking very carefully for the scheduling 
and the planning for all of the piping and all the analysis, and decommissioning 
the old system and installing the new system. �at has to be really planned and 
scheduled. But of course any new system must be coming with an option for 
having the rear-door heat exchanger, because otherwise I cannot host a lot of 
them in my computer room. �at will be a requirement for all the new computers 
in this computer room. Including the disks, because the disks I have right now 
are using 5 kW but the new disks we are just installing are using 15 kW. �at�s 
already a lot of heat that you can get out of a rack.

The original chapel obviously didn’t have sufficient electrical capacity 
to operate a supercomputer. What sort of capacity did you install?

�e chapel didn�t have any power capacity at all. We installed it in this big hall, 
this big bunker we have next to the chapel. It was created by us in 2004. We 
installed transformers with enough capacity for the computer room, not for 
the chapel. �e chapel originally had some lighting, but not very powerful. 
We installed three transformers with enough capacity. �is is connected to the 
medium voltage ring of the university and we can get a consumption of 3 MW 
and we are going to be extending this to 4 MW.
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What structural loading capability does the chapel have? Obviously it 
wasn’t originally designed with any thought to supporting computer 
hardware.

Except for the area where there were chimneys in the ground of the chapel, which 
we covered completely, all the rest of the chapel is on the ground level. �e weight 
of the chapel is on the ground, persistent and therefore no problem. �e �rst �oor 
can hold 2,500 kilograms per square meter (512 lb. per sq. ft.).

Did you have to take any special measures to reinforce the area where 
the supercomputer resides or was the original infrastructure adequate?

No, that was adequate already. Outside of removing these chimneys everything 
else was adequate. So we have continued construction on this ground level �oor.

Looking back on the project, were there any surprises that came up 
along the way?

Not really, no. Just normal problems. �ings that everybody knows but nobody 
knows how to �x.

For example, the humidi�cation problem. We have the CRAC units, 12 of 
them, humidifying and humidifying continuously because of the change of 
temperatures. But if you are humidifying, it�s very expensive. It�s three times the 
cost on the power that the CRAC unit is using. If you are not humidifying you 
are saving a lot of money. And you can humidify very simply.

I don�t know if you live in the mountains or you live in the coast area, but in the 
mountains for getting humidity what people do is just have a bag of water on top 
of the radiator. �is heats the water to the temperature that the water evaporates 
and creates the nice humidity. So we have humidity problems in the computer 
room and we are �xing it from time to time with bags of water and saving a lot of 
money. Because this is just what you learn from nature. Humidi�cation in nature 
comes from the sea and with the sun that�s getting the water to the environment.



72
T

he
 A

rt
 o

f 
th

e 
D

at
a 

C
en

te
r Your supercomputing center has been described in several 

publications and web sites as one of the prettiest Data Centers ever 
built. During the design phase, how much attention was given to the 
look of the facility? Did you consciously focus on aesthetics or did its 
striking appearance just happen to come from the design?

It�s most likely the second one.

It really comes from the fact that we are installed inside the chapel and we don�t 
want to change the chapel. We want to maintain the chapel visible. It�s not the 
computer room that is nice itself, it�s the sum of the computer room and the 
chapel and the fact that we are not changing any of the chapel and we are getting 
the computer, the capacity of running in full operation, in this environment.

Of course we designed the computer room for e�ciency. So if you have a look at 
the pictures you will notice that all the beams of the computer room are mostly 
located outside of the computer room not inside and this is to not in�uence the 
�uid dynamics of the room.

We designed this to be 5 meters (16.4 feet) high instead of 3 or 4, because we 
want to have better �uid dynamics. �is gives us the possibility of matching the 
size of the complete box with the size of the chapel, in terms of having the top 
of the computer room at the same level as the upper �oor of the chapel. And 
that�s given a dimension and a conjunction of the two bodies, the chapel and the 
computer room, which is very good in terms of visibility and environment. It 
happens to be that this solution �ts e�ciency for the computer room and at the 
same time the visibility.

It sounds like after the decision was made to build this in the 
chapel the design pieces came together as you worked around the 
constraints of the building. You didn’t necessarily intend for this to be 
a showpiece, but by virtue of putting it in the chapel it became that.

�at�s correct. When people realized that this is inside the chapel, the architect 
had a challenge because he wanted not to destroy the chapel, but to show all the 
vantages of the chapel. For the engineer developing the air conditioning it was a 
challenge because in the design everything was very e�cient, although inside the 
chapel, not so much.
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Figure 4-4	 The height of the supercomputing center’s glass walls were chosen to optimize airflow 
and align with the physical dimensions of the chapel.

We wanted to have this visible from every place in the chapel, so we designed 
everything very clean in spaces. All the underground is visible from outside. So 
you must have all the channels properly installed and labeled and everything has 
to be very carefully placed.

You should know that we have visits every day into the chapel by universities, 
schools, politicians; everyone comes here to visit us because of the chapel. �is is 
very good because then we can show what we are doing with the computer and 
what the scientists are doing with this facility.



Figure 5-1	 Calcul Québec’s Data Center resides in a concrete silo that originally housed a particle 
accelerator. Images provided courtesy of Calcul Québec.



Chapter 5

Calcul Québec (Compute Québec)

Essential Details

Organization: Calcul Québec (Compute Québec)

Location:  Québec City, Québec, Canada

Online:  August 2009

Notable features:  Server environment is located in circular building that previously housed a Van de 
Graaff generator

Time to design and build:  29 months

Size:  2,340 sq. ft. (217.4 sq. m)

Power:  1.2 MW

Tier:  0

Cabinet locations:  56

Infrastructure Delivery:  Power and cabling infrastructure are provided overhead. Cooling is distributed 
through a ring-shaped, cold plenum, with hardware exhaust vented into a cylindrical, hot core.

Structural loading:  940 lb. per sq. ft. (4,589.5 kg per sq. m)

Fire suppression system:  Double-action dry pipe sprinkler system
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d Data Centers are typically all about squares 

and rectangles. Hardware and cabinets, power 
distribution units and air handlers, �oor tiles 
and server rows:  there�s not a curve among 
them.

What if those boxy shapes and their 90-degree 
angles were placed in a circular space, 
though? Can a Data Center�s square pegs �t 
gracefully�and perform well�in a round 
hole?

Oui.

On the campus of Universite� Laval in QuØbec City, Canada, research consortium Calcul QuØbec has converted a 
cylindrical building that originally housed a Van de Graaff particle accelerator into a Data Center. The silo now 
contains the group�s Colossus supercomputer, whose users perform research in a range of scienti�c disciplines.

Three levels have been constructed in the 2,340 sq ft. (217.4 sq. m.) silo to house computing hardware. Server 
cabinets are arranged in outward-facing circles:  the outer ring acts as a cold air plenum while hardware 
exhaust is vented into a hot core at the center. Grated �oors allow air to pass through, drawn downward by a 
bank of 3.3 ft. (1 m.) wide fans capable of moving 120,000 cfm (3,398 cmm) of air.

Marc Parizeau, professor of computer engineering at UniversitØ Laval and deputy director of Calcul QuØbec, 
discusses what it�s like to do computing in the round.

The Interview

Please tell me the history of the silo building that houses your 
supercomputer. 

�e building was built in 1965. It was a research center in nuclear physics and it 
had a Van de Graa� particle accelerator.

We had to make some relatively minor changes. At �rst I thought that it was big 
changes, but in fact demolishers are very e�cient at what they�re doing.











































































































































































































































































































































































































































































































Chapter 17

Terremark

Essential Details

ORGANIZATION:  Terremark

Location:  Miami, Florida

Online:  June 2001

Notable features:  One of the largest single-building Data Centers on the planet. Capable of withstanding 
Category 5 hurricane winds. Lightning prevention system that defends against strikes by discharging static 
electricity flares.

Time to design and build:  Ongoing

Size:  750,000 sq. ft. (66,677.3 sq. m) total, with 600,000 sq. ft. (55,741.8 sq. m) of hosting space 
anticipated upon buildout.

Power:  Designed for 70MW upon buildout

Tier:  III

Cabinet locations:  Varies by customer configuration

Power Density:  Varies by customer configuration

Infrastructure Delivery:  Power and cooling are delivered under a raised floor, structured cabling is 
provided overhead.

Structural loading:  180 to 280 lb. per sq. ft. (878.8 to 1,367.1 kg per sq. m) 

Fire suppression system:  Pre-action dry pipe









































Chapter 18

Yahoo!

Essential Details

ORGANIZATION:  Yahoo!

Location:  Lockport, New York

Online:  September 2010

Notable features:  No chillers or mechanical refrigeration. Airside economization and evaporative cooling 
system. Hot aisle containment. Rotary UPS. Shared space for electrical and IT infrastructure.

Time to design and build:  9 months from ground-breaking to commissioning

Size:  190,000 sq. ft. (17,651.6 sq. m) total

Power:  20 MW

Tier:  Varies

Cabinet locations:  2,800

Power Density:  Undisclosed

Infrastructure Delivery:  Power, cabling, and cooling infrastructure are delivered overhead

Structural loading:  Undisclosed

Fire suppression system:  Dual interlock, pre-action dry pipe
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