
Intel NUC: An alternative to the Raspberry Pi?

 More than  
 Enough
Nanocomputers don’t just come with ARM processors; they also 

come with classic x86 CPUs, and the best known of these are the 

boards from the Intel NUC series. We look at how these computers 

compete with the Raspberry Pi. By Bernhard Bablok

there is no GPIO board on the NUC for con-
necting expansion modules and sensors, which 
means the NUC is not able to tackle areas of 
application requiring this kind of interface.

NUC, however, compensates for this short-
coming with other capabilities. Therefore, 
potential buyers should carefully consider 
which functionalities they require. Moreover, 
because the name NUC refers to an entire 
class of devices, buyers are confronted with 
many choices.

Purchasing advice
The Intel website presents an overview of 
available versions of NUC [1]. Some of 
these versions can no longer be purchased 
because they were not well received in the 

The smallest computer made by Intel 
answers to the name of Next Unit of 
Computing, or NUC for short. Intel 
markets this nanocomputer as the 

future of desktop computing. In the mean-
time, tablets have taken over the tasks of 
desktops in most households but the NUC 
has kept its name. The outward appearance 
of the NUC has also not changed much since 
it first appeared in 2013; however, the inter-
nals have changed significantly.

The volume taken up by a NUC is about 
twice that of a Raspberry Pi together with its 
housing. Figure 1 shows the larger version of 
the NUC; a smaller version is about half as 
high. In any event, the NUC qualifies as a small 
computer, but closer examination shows sev-
eral differences that make many 
comparisons obso-
lete. In partic-
ular, 
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marketplace. Only three of 
these NUCs are of particular 
interest.

With a price tag of around 
$140, the DN2820FYKH [2] is the 
oldest and the least well 
equipped of the entry-level 
NUCs. This computer beats out 
every Raspberry Pi in terms of 
performance with its dual-core 
Atom processor. It is predestined 
for use as an economical, yet 
powerful media player because it 
comes with integrated WiFi and 
Bluetooth, as well as standard in-
terfaces like HDMI.

At the opposite end of the 
NUC scale is the current genera-
tion with Broadwell chips and 
USB 3.0 connections. The NUC-
5i3RYH [3] shown in Figure 1 has been given 
a meaningful name. NUC5 stands for the fifth 
generation and i3 for the CPU class, and RYH 
indicates a tall housing. This dual-core com-
puter with an i3 501OU, 2.1GHz, and hyper-
threading costs about $280. The half-sized, 
more compact version NUC5i3RyK [4] has the 
same equipment and about the same price 
tag, but it does not offer any place for an addi-
tional 2.5-inch SATA hard drive. The more 
powerful pair – the NUC5i5RYH [5] and the 
NUC5i7RYH [6] – have the i5 and i7 CPU, re-
spectively, and are even more expensive.

Several versions exist between the two pric-
ing extremes that may be of interest to users 
who need a device for some special situation. 
The D34010WYKH [7] from the previous gen-
eration costs about the same as the NUC-
5i3RYH, even though it doesn’t offer WiFi or 
Bluetooth or an infrared interface. It does have 
a connection for a classic mSATA SSD. This 
feature may attract buyers who already happen 
to have one of the drives. Generally, though, 
this version of the NUC is less appealing when 
compared with the current generation.

Ultimately, the buyer must decide if the in-
creased flexibility of an NUC5i3RHY is worth 
the cost. The Core i5 NUC offers more than a 
three-fold increase in CPU performance and 
plays high-resolution 4K videos at 60Hz via 
an integrated Mini DisplayPort. Power con-
sumption doesn’t play a role in deciding be-
tween the two models; it is practically the 
same when the computers are in idle mode.

equiPment
Intel offers all of its NUCs either as kits with 
housing and power supply included or in 
pure form with just the main board. Memory 

and hard drives are never included and must 
be purchased and installed separately. Fig-
ure 1 shows the required memory modules.

All the NUCs need a DDR3L-1333/ 
1600-SODIMMs with a 1.35V power supply. 
Be careful when looking for suitable mem-
ory. Manufacturers often provide inaccurate 
information or none at all. Intel has a com-
patibility list that can be helpful during the 
selection process [8]. Other manufacturers 
may also provide such a list.

The Broadwell chips found in the current 
NUCs profit from dual-channel operation. 
Therefore, you should install either two 2GB 
memory modules or two 4GB SODIMMs. 
Two of the 4GB chips CT51264BF160B from 
Crucial usually have enough memory for 
most tasks.

If you have a NUC that has a 2.5-inch slot, 
then a suitable hard drive includes any stor-
age medium with this form factor and a SATA 
connection. Because the NUC does not sepa-
rate the drive from the housing, mechanical 
drives cause vibrations and therefore also 
unnecessary noise. SSDs, which are silent 
and energy efficient, are easier on the sur-
rounding environment.

One feature of current NUCs is the support 
they provide for M.2 SSDs without a housing 
(Figure 1 at the front in the foreground) [9]. 
The support comes in two varieties. The first 
consists of a normal SATA III interface and 
the second of a PCIe interface. No difference 
exists in the mechanics between the two. 
The latter works measurably faster but also 
costs significantly more and does not offer 
any added benefits when the NUC is used for 
typical tasks. The M.2 SATA version is also 
more expensive than the standard SATA SSD, 

Figure 1: The size of a barebone NUC system with memory modules 

and an M.2 SSD compared with that of the Raspberry Pi.
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cooling, which is adequate, a small, hard-to-
access fan is on the rear side of the board. Un-
like the Raspberry Pi, therefore, the NUC is 
not completely quiet when running.

As with a standard PC, installation of the 
operating system comes after hardware con-
figuration. The NUC boots without problem 
from a USB stick or an external CD-ROM 
drive. Pressing F2 lets you enter the BIOS, 
which appears very clean. It can even be op-
erated solely with a mouse. Intel put a BIOS 
update [11] online in April that corrects a 
problem with the infrared port. During test-
ing in the lab, the update process was both 
uncomplicated and successful. I simply 
downloaded the BIOS, copied it to the USB 
stick, rebooted the NUC, and then switched 
into the BIOS update mode via F7 instead of 
F2. The NUC documentation includes in-
structions for this procedure.

nuc instead of Pi?
As described previously, the NUC costs signifi-
cantly more than a Raspberry Pi 2. Several 
factors justify the premium pricing. The NUC 
offers significantly more processor perfor-
mance, which makes many projects easier to 
execute, some of which might not have been 
possible without a NUC. The NUC can play 
back 4K videos, offers fast Gigabit Ethernet, 
and delivers significantly higher I/ O through-

but the price differential is not as great. The 
Crucial SSD MX200 M.2 or M.2 2280) [10] 
with 250GB capacity shown in Figure 1 costs 
about $100.

Because the NUC with a Mini DisplayPort 
and Mini HDMI comes with nonstandard 
ports, you will need either suitable cables or 
an adapter like that shown in Figure 1. This 
adapter converts the Mini DisplayPort to 
VGY, DVI, and HDMI, which in turn lets the 
NUC connect to most display screens and 
video projectors. Table 1 provides a list of 
items to purchase and their cost.

One Intel NUC NUC5i3RYH with an i5 CPU 
and 8GB RAM costs around $460 without an 
operating system. By way of comparison, a 
Raspberry Pi 2 and a cover, a simple WiFi 
dongle, a 16GB memory card, and a power 
supply cost about $80 altogether.

starting uP
The NUC housing looks expensive and is fairly 
heavy. It can be taken apart by loosening four 
screws that have been sunk into the rubber feet 
of the housing. Once these screws are re-
moved, the bottom plate and the remaining 
screws can be removed. This is one design de-
tail that Intel has thought out thoroughly.

Figure 2 shows a view of the inside of the 
Intel NUC5i3RYH. The location for inserting 
the M.2 SSD sits to the left. You can see two 
slots on the right side that are used for the 
memory modules. The company provides an 
illustrated set of installation instructions, 
much like you would get when purchasing 
Ikea furniture.

The bottom plate (Figure 3) has extra space 
for an additional 2.5-inch disk. The conduc-
tive strip seen to the left absorbs heat from the 
M.2 SSD and transfers it to the housing. For 

Figure 2: The interior view of an Intel NUC NUC5i3RYH showing the slots for 

installing the SSD and memory modules.

Figure 3: A slot for a 2.5-inch HDD/ SDD is in the bottom plate of the large 

NUC model.

Component Price
NUC5i3RYH $280

Crucial SSD MX200 M.2 (250GB) $115

2xCT51264BF160B (each 4GB) $50

Display screen adapter $15

  Total Costs  $460

TABLE 1: Shopping List

Intel NUC
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put rates when accessing the disk. Even Rasp-
berry Pi alternatives with Gigabit LAN and 
SATA connection, such as the Cubie truck or 
the Banana Pi, don’t take full advantage of the 
capabilities of these interfaces.

Easier software installation and a stable and 
solid housing are other advantages offered by 
the NUC. Unlike the Raspberry Pi, the cables 
don’t stick out in all directions and don’t pull 
on a lightweight housing. The simpler instal-
lation admittedly does not apply to the stan-
dard Raspbian installation. However, when 
special requirements for the system exist (e.g., 
using it for a server or with a distribution that 
doesn’t have a ready-made Pi image), then 
the capabilities of a standard x86 system and 
a flexible installation process are helpful.

Wake On LAN and RTC alarm only work 
with the NUC. Wake On LAN lets you wake 
up the NUC remotely. For example, you can 
wake up the NUC at preset times using a rea-
sonable BIOS that has a real-time clock. Win-
dows fans can use Windows on the NUC. 
Linux fans profit from various hardware add-
ons with proprietary drivers that do not exist 
for the ARM architecture.

media center
The following sections present examples of 
applications for the NUC and comparisons 
between the NUC and the Raspberry Pi. The 
first section deals with Kodi, previously 
known as XBMC, in the form of the media 
center distribution OpenELEC [12]. It uses a 
customized Linux system as a base. Because 
of its lean architecture, this system is consid-
ered the gold standard among Raspberry Pi 
users who use the Pi only as a media center.

To install OpenELEC on a NUC, you should 
download the 64-bit generic build as a 
140MB image file. As is often the case with 
single-board computers, you should decom-
press the image on a computer and copy it to 
a USB stick. Listing 1 shows how this works 
under Linux.

All of the data gets lost on the target drive 
when the image is written. Thus, you must 
be sure to have the correct device ID when 
entering commands. The device ID is ob-
tained, for example, with the lsblk com-
mand. You should modify the ID in the dd 
command to match this output. If you indi-
cate the wrong drive, you risk losing all of 
your data.

After writing the image, 
you should boot the NUC 
from the USB stick. In the 
installation dialog, select 
the internal hard drive as 

the installation target. After a restart, the 
media center software will appear on the dis-
play screen. The remaining configuration is 
no different from that of the Rasp Pi. The sys-
tem feels somewhat faster than an RPi2. The 
power consumption is about 8W in idle mode, 
which is approximately three times as high as 
for the Raspberry Pi.

At first glance, a NUC seems somewhat too 
expansive for a media center. Since the ap-
pearance on the market of the quad-core 
Raspberry Pi, there has not been much to 
complain about with the reaction speed of 
the Rasp Pi interface. However, the NUC ac-
cumulates points here because it is possible 
to play 4K videos via the DisplayPort. Addi-
tionally, the user with a “merely” medium-
sized media collection does not really need 
an external hard drive, as is the case with a 
Rasp Pi. You will need to consider whether 
the 4K video advantage is sufficient to war-
rant paying a higher price.

server
The brand new Debian 8 “jessie” [13] distri-
bution can serve as the basis of very fast 
servers. The smallest installation [14] taken 
together with various server packages takes 
just a few minutes depending on individual 
modifications. Instructions for the installa-
tion are found on HowtoForge [15] and in-
clude numerous illustrations. Here, one of 
the advantages of the x86 world becomes ap-
parent. There is still no official Debian jessie 
for the Rasp Pi. Furthermore, it is much more 
difficult to install a small system.

The Iperf tool [16] is used to test network 
throughput. The NUC delivers a raw through-
put of 941 or 112MBps when loaded as a des-
tination device and started on the NUC 
server via iperf ‑s and on a PC via iperf ‑c 
<NUC> – with <NUC> being the hostname of the 
server. Thus, on the basis of data throughput 
alone, the NUC is not much different from 
single-board computers with Gigabit Ether-
net, such as the Banana Pi and Cubietruck.

More important than raw throughput, 
however, is the question of how much net-
work performance remains at the application 
level. It is well known that network perfor-
mance with a Raspberry Pi collapses if the 
hard disk is accessed in parallel on an exter-
nal storage medium. This happens because 

$ gunzip OpenELEC‑Generic.<Version>.img.gz

$ dd if=OpenELEC*.img of=/dev/<Device‑ID> bs=1M

$ sync

LISTING 1: Save Image to USB Stick

Intel NUC
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HP Proliant Microserver Gen8 [17]. It offers a 
series of genuine server functions based on 
the Celeron chip for half the price.

desktoP
A NUC also works pretty well as a fully func-
tioning desktop PC, as long as not too many 
peripherals are attached to the computer. Un-
less you add a USB hub, there is no place for a 
webcam, card reader, or smartphone connec-
tion in the presence of a printer, scanner, 
mouse, and keyboard. Therefore, multifunc-
tion devices with WiFi and mouse/key-
board combos that share one wireless receiver 
are more suitable for the NUC. The NUC also 
loses some of its charm with more cables and 
an additional USB hub. The USB port marked 
with yellow and located on the front of the 
NUC delivers power even during periods of 
shutdown and can therefore be used to charge 
devices such as mobile phones.

The most recent version of openSUSE Tum-
bleweed was used on the system during test-
ing [18]. The NUC proved itself to be agile 
and reactive in an office setting, thanks to 
being generously outfitted with memory. We 
had no problems switching among various 
applications.

RawTherapee [19] was used to get a feel for 
the relative performance of the system com-
pared with other mature computers. This 

RAW converter has a batch 
mode and is thus useful for 
determining computer per-
formance in a realistic set-

both the network and the four USB ports of a 
Rasp Pi share one internal USB interface and 
therefore also its bandwidth. The FTP, SCP, 
and Rsync throughputs provide a good indi-
cation of whether the kernel can simultane-
ously manage numerous interrupts of the 
drive and network chip.

For this test, the NUC and the PC were 
connected to the same Gigabit switch. Using 
FTP and SCP, a large file was transferred at 
105MBps. The Rsync transfer of 25,000 files 
taking up 1GB resulted in a throughput of 
30MBps. In practice, the actual throughput 
depends on file sizes and the additional pro-
cesses executing on the systems. The values 
measured here represent generous averages. 
A comparison with a Banana Pi R1 when 
transferring encrypted data speaks volumes, 
because the throughput of the tiny Banana 
did not even approach USB 2.0 performance. 
The numbers were 19-33MBps for FTP, 
7MBps for SCP, and 7MBps for Rsync.

Generally, the NUC works well as a small, 
compact, and economical family server. 
Thanks to a powerful CPU, numerous virtual 
systems can run on the server without prob-
lem. But, if you are looking for something 
other than an ultra-compact computer, need 
significantly more disk space, and can tolerate 
higher power consumption, then you should 
probably look instead at a microserver like the 

$ time rawtherapee ‑o /tmp/ptest/ ‑Y ‑t1 ‑c /tmp/ptest/

LISTING 2: Processing Files

Computer Processor Clock Speed
Cores (physical/ 
logical) Time (real) Time (user)

IBM T61 T9300 2.5GHz 2/ 2 78 sec 135 sec

Samsung 900X i5-3317U 1.7GHz 2/ 4 77 sec 244 sec

Desktop PC i7-3770 3.4GHz 4/ 8 23 sec 121 sec

Intel NUC i3-5010U 2.1GHz 2/ 4 50 sec 163 sec

TABLE 2: Batch Development with RawTherapee

Figure 4: The run time for converting images with RawTherapee.

Intel NUC
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lot of games or render 3D scenes will need 
somewhat more power.

Altogether, the test shows a trend that has 
become apparent in the last few years. Even 
the relatively slow T9300 CPU, which Intel 
brought to market in 2008, does perfectly 
fine in an everyday setting as part of the T61 
once it has been upgraded with an SSD. The 
current trend is toward small and compact 
computers drawing only very little power 
and producing small amounts of heat. In 
contrast, trying to turn the performance up 
another notch has no real advantage.

conclusion
The NUC tested here can play in the premier 
league of small computers on the basis of 
performance and price. However, other man-
ufacturers are entering the competition with 
comparable devices of similar price. As a re-
sult, it is a good idea to take a look at bare-
bone devices such as the Gigabyte GB-BXi3H 
[20], the Shuttle DS57U [21], and the Zotac 
ZBOX ID18 [22].

For situations in which less performance 
will suffice, the Atom NUC DN2820FYKH 
and comparable devices in the Atom/ Cel-
eron/ Pentium class of other manufacturers 
may be a choice. Further down the competi-
tion ladder, there is less reason to choose a 
NUC. The revised and significantly faster 
Raspberry Pi 2 has so much added perfor-
mance that it is almost in the same league as 
the NUC. As a result, the NUC, lacking a 
GPIO interface, cannot compete with the 
Raspberry Pi among true small-computer 
hobbyists.  ● ● ●

ting. The conversion of digital images does 
put a load on the CPU and the I/ O system.

The NUC i3 5010U was compared with an 
old IBM T61 laptop with a Core 2 Duo T9300 
with 2.5GHz, a Samsung 900X Ultrabook with 
a dual-core Core i5 3317U CPU running at 
1.7GHz with hyperthreading, as well as a desk-
top with a quad-core i7-377 CPU running at 
3.4GHz with hyperthreading. The task con-
sisted of converting 10 RAW images, taking up 
150MB, into ZIP-compressed TIFF files. The 
files were stored on SSDs in all of the systems. 
The laptops were connected to a power supply.

The command from Listing 2 was used to 
process sequentially all of the files in direc-
tory /tmp/ptest. Practical experience shows 
that sequential processing of images yields 
better results than starting up several in-
stances of RawTherapee.

Table 2 and Figure 4 show the results of 
the comparison. Not surprisingly, the run 
time depends on the number of cores and the 
CPU speed. However, the relative perfor-
mance of the current Broadwell core in the 
NUC is higher than that of the desktop CPU. 
On the basis of just the cores and the CPU 
speed, you should be able to expect a run 
time of about 70 seconds. The current archi-
tecture reduces this by about a third and 
with significantly less power consumption.

The performance of the CPUs built into the 
NUC is just fine with all office applications, 
including Internet and image processing. 
Subjective response is predicated on the fast 
SSD and ample RAM. The NUC scores points 
here as well. Graphics-intensive applications 
suffer under the weak GPU. Users who play a 
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