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There is no shortage of hype 
and excitement when it 
comes to discussions about 

the next-generation cellular net-
work, now in the process of produc-
tion deployment worldwide, known 
as 5G (or 5G New Radio or the 
Third Generation Partnership Proj-
ect Release 15 standard [1], to be 
more accurate). Combine this with 
all of the marketing projections for 
the many billions of (or even tril-
lions, depending on your definition) 
smart devices, wearables, trackers, 
Internet of Things (IoT) and Indus-
trial IoT applications, autonomous 
vehicles, virtual/augmented reality 
(VR/AR) equipment, and so on, and 
it seems like there is a pretty exciting 

marriage of a massive network with 
an explosion of devices to reshape 
our daily lives. But hold on a second: 
Almost every mar-
keting projection 
and “ki l ler  app” 
(apologies for this 
o v e r u s e d  b u z z -
word) starts with an 
assumption that has 
the potential to be 
an absolutely fatal 
flaw. It certainly 
makes this author 
question if the tech-
nical and business justifications 
exist today for the expedient deploy-
ment of this new network standard.

Like most things in the world of 
electronics, the viability of the appli-
cation eventually leads to power re-
quirements and energy utilization. In 

most situations, these critical factors 
are not given serious, proper consid-
eration until far too late in the de-

ployment process, 
and 5G is no excep-
tion to that. The fa-
tal flaw is that most 
of the folks in the 
i n for mat ion a nd 
com mu n ic a t ion s 
technology ecosys-
tem, from mobile 
network operators 
to those deploying 
edge devices, as-

sume that a network and its support-
ing infrastructure (that is, the utility 
distribution network) is robust and 
ready to enable the many billions or 
trillions of devices and handle their 
power demand. There is an extreme 
disconnect in the realization of how 
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FIG 1 The PVC from the network edge to the power plant. BBU: baseband unit; RRU: remote radio unit. (Source: PowerRox; used 
with permission.)
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much energy is required to supply 
edge devices. In fact, the farther a de-
vice or system is from the power 
plant and the closer it is to the edge, 
the higher the multiplication factor, 
also known as the power cost factor 
(PCF) of its energy requirements. 
Even a simple analysis shows us how 
microwatt-level devices can have a 
direct impact on the ability of the 
utility grid to meet the load energy 
requirements while maintaining reli-
ability. This is what I refer to as the 
5G Energy Gap, and it is the single 
biggest risk to current 5G deploy-
ments [3]. In other words, microwatts 
are determining the fate of ter-
awatts (that is, an 18-order-of-mag-
nitude spectrum).

Let us take a step back to consider 
just how much power must be gener-

ated to support all of these relatively 
tiny devices at the edge of the net-
work (the farthest endpoint from the 
core network, typically where most 
devices reside). To do this properly, 
we must follow the power from end to 
end in what I refer to as the power 
value chain (PVC), which represents 
the full conversion and distribution 
chain from generation to the end load 
(without considering power plant effi-
ciency, which tends to be quite awful). 
Figure 1 shows a graphical represen-
tation of the PVC for a typical edge 
device (that is, a smartphone or user 
equipment) to the power plant. Now, 
just as a start, let us consider what 
the true cost of a single milliwatt is. 
In other words, how much power 
must be generated at the plant to 
source 1 mW of received power at the 

smartphone? Figure 2 breaks the 
PVC into the major components 
of power distribution, with esti-
mates (minimum to maximum) of 
the loss for each stage.

Even through this simple exercise, 
one can see that anywhere from 18 to 
60 W must be generated to have 1 mW 
of received power at the edge device. 
This is a PCF of ~18,000–60,000 for 
how much power must be generated 
to provide that single milliwatt [4]. It 
should be noted that this analysis 
does not include all of the energy 
required for processing data and 
other overhead factors. So, in reality, 
we are talking about PCFs that can 
be six or more orders of magnitude 
for 1 mW of instantaneous power. 
Now, multiply these energy require-
ments by how often a single device 
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receives these power “packets” and 
multiply that by the many billions and 
even trillions of devices on the edge.

Fundamentally, this simple analy-
sis shows how the sheer number of 
edge devices (regardless of their 
bandwidth requirements) plays a 
much bigger role in impacting the 
PVC and localized utility grid than 
the high-bandwidth, low-latency 
devices that seem to be the focus of 
most network architects, equipment 

makers, and those involved in 
deployment. In other words, all 
those things streaming videos or 
under real-time control (such as an 
industrial robot) may be consuming 

%90&  of the network traffic, but 
they represent %5%  of the number of 
devices (nodes, motes, things, and 
so on) deployed on global networks. 
Since >95% of them are low band-
width and high latency, it is actually 
these relatively “slow” and “simple” 

devices (typically of the ultralow-
power variety) that are truly deter-
mining the fate of 5G. This is the pri-
mary reason why energy harvesting 
technologies are a critical enabler 
for driving corrective action to this 
network-failure analysis [2]. Supple-
menting a relatively tiny bit of ener-
gy at the edge has the effective bene-
fit of saving six or more orders of 
magnitude worth of power at the 
generating plant.
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Note: Percentages represent the efficiency
loss due to the power conversion stage.

FIG 2 The PVC component efficiencies (worst to best estimates) at each stage. Amp: amplifier; HV: high voltage; ISO: International 
Organization for Standardization; Tx: transmitter. (Source: PowerRox; used with permission.)
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If you are interested in learning 
more about the 5G Energy Gap, PVC, 
PCF, energy harvesting, and how they 
all come together to form the perfect 
storm, please consider gett ing 
involved in the newly launched Ener-
gy Efficiency Working Group of the 
IEEE Future Networks International 
Network Generations Roadmap. You 
can email 5GRM-Energy@ieee.org or 
visit https://futurenetworks.ieee.org/
roadmap.
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