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We Need Power Where?
The challenge of how to get power to devices mounted on lamp posts, tops and sides of 
buildings, security fences, and many other unusual places can often be the very last thing on 
an engineer’s mind. Take the case of small cells. What’s the first thing any good 4G-network 
planning engineer should ask? Probably, “What does my 4G coverage map need to look like?”

That makes perfect sense. So we take a nice map, position every small-cell device for maximal 
4G coverage - ensuring coverage of all those hard-to-reach places in between buildings - and 
everything looks great. But then a site survey is conducted and everyone realizes there’s no 
electrical power in the middle of that public park as well as several other places.

Of course, electrical power may be nicely available from the local utility company for the small 
cells to be positioned on lamp posts, except the utility wants a power meter placed on every 
device. What if negotiations to tap power from a strategic apartment complex suddenly go south 
when the building owner refuses to allow access to the building because of tenant complaints? 
These are real life examples drawn from network access deployments over the past year. 

Hybrid Optical/Copper Cables
One way to solve the challenge of delivering power to odd locations is to use the same cable 
that connects the optical fiber, eliminating the reliance on local power availability near the 
device. So-called hybrid optical/copper cables are not new - several designs have been on 
the market for 20 years or longer. If that’s the case, then why haven’t such hybrid cables been 
sold in large volumes until now?

It seems logical that combining power and optical communications delivery into one cable 
should provide time and cost savings to network providers. Isn’t that, after all, what Power-over-
Ethernet (PoE) technology is really all about - combining power and communications under one 
sheath? There are two reasons that until recently these cables haven’t taken the market by storm.

First, the industry’s hybrid cables up to now have proven very expensive, large in size, and 
time-consuming to terminate due to very complex cable designs. Second, getting power 
through these cables and accessing it from the other end of the device required significant 
engineering expertise. These systems have been difficult to deploy, and there are no “off the 
shelf” options generally available. 

Let’s take a look at the cable designs for hybrid optical/copper cables. Until recently, common 
hybrid cables typically used some type of loose tube optical-cable design in which one or 
more buffer tubes were replaced with conductors (see Figure 1). A less common design, 
referred to as a composite design, involved taking individual optical and copper cables and 
bonding them together in a “figure eight” arrangement (see Figure 2) - more specifically, two 
side-by-side cables possibly bonded together by a third plastic sheath.

Hybrid-cable Challenges
These cable designs are complicated in how the cables are manufactured and how they’re 
accessed for fiber splicing and copper termination. Also, making these kinds of cables 
requires three to six separate manufacturing steps, depending on the cable design, increasing 
the cost of the cable.

Accessing a typical loose tube style of hybrid cable requires several steps as well as specific 
optical and copper cable access tools. A survey of several customers with experience in 
deploying such cables reveals that it typically takes a minimum of two or three minutes to 
terminate them. In some cases, the amount of time could be as long as five minutes or more to 
prepare one cable end.

Figure 1 
Common hybrid cable consisting of loose tube 
fiber and conductors residing in the buffer tubes

Figure 2 
Early composite hybrid optical/copper designs 
consisted of individual fiber and copper cables 
bonded together in a “figure eight.”
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That amount of time may have been acceptable in the past for unique projects where only a 
few cables were deployed. But considering the current massive deployments of small cells, 
Wi-Fi access points, HD security cameras, and other access devices, the high cost and time 
constraints of the past are totally unacceptable.

For hybrid cables to become viable options for these markets, the cable must have characteristics 
resembling fiber to the home (FTTH) optical drop cable. The cable must be cost-effective and fast 
to deploy. It’s most desirable for such a cable design to be simple, ideally produced in a single 
manufacturing step, and able to be terminated in well under a minute.

But having a great hybrid cable is not necessarily enough. The majority of providers seeking 
to deploy hybrid cable don’t understand the challenges involved. For instance, there are 
voltage drop penalties over distance; electrical protection may be needed, such as surge 
protection or protection against lightning strikes or cable cuts.

Providers must also know how to convert from an optical signal to an electrical or PoE input 
at distances greater than a kilometer. Typically, most access devices such as small cells, Wi-Fi 
access points, and security cameras are not designed for direct fiber input. Therefore, media 
conversion is often necessary. Additionally, what type of power supply should be used?

There are lots of considerations beyond the cable itself. In short, every hybrid optical/electrical 
deployment of the past has required a unique electrical engineering design because no off the 
shelf options were available.

Another consideration is battery backup or Uninterruptible Power Supply (UPS). It’s highly 
desirable to have emergency battery backup for small cells to handle emergency phone 
service. But backup power for security cameras, critical Wi-Fi applications, and other access 
devices may be equally important.

But if we truly envision millions of these access devices deployed globally in the coming 
years, then deploying and supporting millions of individual batteries probably isn’t the most 
effective strategy. Cost, environmental concerns, maintenance, and other such issues would 
seem to discount that approach as a viable alternative.

Figure 3
In a campus environment, hybrid optical/copper cabling can deliver power and communications from 
one or more centralized locations.
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A centralized battery backup system is a much better alternative. Delivering power via hybrid 
cabling to many devices from a central location (perhaps in a star network arrangement) as a 
UPS service could support this approach (see Figure 3). Such a central location could be an 
outdoor distribution cabinet, a telecom closet, a macro base-station location, etc. Any location 
that has access to power and the optical network could be a potentially viable alternative for 
such a network architecture (see Figure 4).

Another consideration is the type of power supply to use for powering the cable and how to 
safely and properly disseminate power off the other end to ensure delivery of the right energy 
levels to the network access devices. For the power supply, there are three basic choices to 
consider: -48VDC NEC Class 2 or SELV compliant power supplies, 120/240VAC systems, 
and 380/400VDC Microgrid systems.

Power-supply Comparison
The -48V systems that remain within low power levels to meet electrical codes (such as NEC 
Class 2 and SELV) are desirable since they’re designed to keep energy levels low and as safe 
as possible. These systems can effectively handle power levels below 100W, so electricians 
are not required for the installation. Readily available from multiple vendors, -48VDC power 
supplies are a proven technology.

Because these systems keep power levels low, the drawback is that the inherent distances and 
power levels they can support are limited. Also, since the voltage level is so low, a higher 
electrical current is needed in the cable to drive power to devices. Higher current in the cable 
means more energy loss from heat caused by the electrical resistance in the copper. Still, 
these lower voltage DC systems are typically the best.

The 120/240VAC systems are also a proven technology, with standards in place for many 
years. These systems can support higher power and longer distances than -48VDC systems; 
however, they require qualified electricians for installation. Other drawbacks include the 
inherently less efficient power transmission of AC systems due to capacitive and inductive 
effects, added difficulties in integrating UPS battery backup (requiring more equipment), and 
the requirement for AC transformers and additional AC-to-DC rectification circuits. Therefore, 
in most cases AC systems are more expensive to deploy than -48VDC systems.
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Figure 4
Locations with access to power and the optical 
network could be a potentially viable alternative 
for a centralized network architecture.
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The 380/400VDC Microgrid approach promises a new, more effective way to handle higher 
power needs without the inherent inefficiencies of 120/240VAC systems. Several systems 
were recently deployed by major institutions around the world. Standards development is 
underway through the efforts of the EMerge Alliance (www.emergealliance.org/).

While the expectation is that this method will be overall less expensive, easier to connect, 
easier to maintain, and more energy efficient than AC systems, it will still require qualified 
electricians to install. For high power and long-distance applications where low-voltage  
NEC Class 2 electrical systems will not work, this method may be a good future alternative.

How much and how far?
Another important question to address is how much power can be delivered and at what 
distance to the network access device (small cells, Wi-Fi access points, HD security cameras, 
etc.)? With all power systems (AC or DC), the fundamental problem of voltage drop over 
distance must be addressed. Until now, an electrical engineering calculation was typically 
performed for every cable run to ensure the voltage range delivered to the device was 
within the acceptable range. With modern DC/DC conversion technology, devices are now 
emerging that eliminate the need for this engineering.

Properly designed DC/DC conversion devices can take in a wide range of voltage and 
deliver exactly what’s required to power the device, whether it be a security camera or Wi-Fi 
access point. Such new devices also incorporate the necessary types of carrier grade electrical 
protection to protect against lightning strikes, EMI surges, cable cutting, etc. These new devices 
promise to reduce engineering and make the systems install like “a long extension cord.”

Power questions answered
Deploying hybrid cable systems to power today’s network access devices should follow the 
same product life cycle typically seen in the FTTx industry. In the early 2000s when FTTx was 
just beginning, there were a multitude of unanswered questions, a lack of suitable products, 
and high deployment costs. Today, these issues have been largely addressed through mature 
product systems provided by multiple vendors.

With the coming proliferation of network access devices, driven by 4G/5G, security, “smart 
homes,” and a host of other applications, there’s a strong need for robust, off the shelf systems 
to combine power and communications into single cables. Speed of deployment, cost, safety, 
security, and other challenges must be taken into account by solution developers to remove 
these headaches for network designers.
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