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Powering Your Cell Towers
Improving efficiency, reliability, and scalability in tower power systems

By understanding the basic power system components and how they 

play together, it is easier to see how engineering and operational 

tradeoffs are made, how best practices can be implemented, and how 

return on investment (ROI) can be calculated.

Most cell tower electrical systems face similar challenges.

Getting reliable power from the 
electrical grid
Although in the continental United States, U.S. Energy Information 

Administration statistics show grid power reliability to be above 

99.9%, outages do occur. When the grid goes down, halting the flow 

of electrons and bits of data, customers along the value chain roar in 

complaint.  The engineers and technicians go into fire fighting mode, 

battling the crisis until, eventually, the power flickers back on, light 

bulbs glowing and routers routing. But, as before, bit by bit, end 

customers slowly forget about the downtime, leaving the lessons to 

fade and many ill prepared. Thus, this topic merits advance planning. 

Common causes of outages are natural (rain, snow, wind, waves, 

fire, earthquakes), and human-driven events like vandalism or theft.  

Global climate change is driving an increase in the frequency and 

intensity of severe weather, increasing the odds of more outages in 

the future.  Firms that create and operate the grid are responding by 

investing in technologies to get the electrical system back up sooner. 

In most of these major disruptions, it is reasonable to assume that the 

grid will be back up for 80% of its customers within 72 hours.  Running 

“war games” or multi-player simulations to plan how all of the firms, 

governmental, and non-governmental agencies will act is important 

for developing plans and testing responses before the big ones hit.

Outside of the U.S., in fast-growing countries like India and China, the 

grid is often not reliable, delivering power less than half the time.  To 

fill in the holes, power companies can use generator sets that run on 

diesel fuel. But the diesel gen sets are expensive, noisy, and polluting 

relative to the grid’s non-renewables (natural gas, coal). Green 

renewables (hydro, solar, wind, nuclear) are often pricey.

In rural parts of the U.S. and in developing economies, grid power 

may not be available, so creative workarounds may be needed. For 

example, mountaintop repeater sites linked to a gen set plus solar 

approach may be more common.
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 Historically, cell tower power was a lot like 

the electrical grid: essential, reliable, taken for 
granted, a tad dull.  

Until now.

Today, cell tower power is an exciting source of technical 

and business innovation running at an ever-faster tempo.  

Global climate change is driving change in renewable 

green energy (e.g., solar, wind, hydrogen fuel cells), 

government regulations (e.g., carbon credits), and disaster 

preparedness (e.g., hardening measurement and control 

systems before the next massive earthquake or tsunami 

hits). Further, the Internet of Things can only scale up 

to the massive scale required if cheap, reliable power is 

available on demand.  To learn more about the future of 

cell tower power, read this white paper and info graphic. 

Then reach out to your Westell representative who can 

introduce you to experts and innovators in this field. 

There are many ways to improve efficiency, reliability, and 

scalability of your power system and earn a great return 

on your investment.

In networks, much like real estate, the key is location, location, 

location. When planning for new network capacity, whether 

retrofits, acquisitions, or greenfield builds, location is absolutely 

essential. For carriers, location is important for coverage.  For tower 

owners, location is important to attract and retain tenants.

Once the tower is sited, the next essential step is electrical system 

design.  A well-thought-out electrical system design will balance 

efficiency, reliability, and scalability.  When a tower’s power system 

is running well, carriers and owners are poised to deliver a great 

experience to end users and a profitable bottom line to their 

shareholders.  
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Regardless of the source (grid, off-grid, or hybrid), once power comes 

into the hut, it needs to pass through meters, circuit breakers, rectifiers, 

batteries, power panels, and primary loads (base station units, 

components like eNodeB, tower lighting, site cooling, site security, etc.). 

As shown in the table below, each of these power handlers, controllers, 

and consumers have their own advantages and disadvantages in 

efficiency, reliability, and scalability.

  

 

 

 

 

 

 

 

 

Efficiency Reliability Scalability

Meters X

Circuit Breakers X X

Rectifiers X X X

Batteries X X

Power panels X X

Primary loads X X

The Smart Grid is changing how electrical power is managed on towers.  

What used to be analog, non-real-time and physical is now digital, real 

time, and virtual. The Internet of Things is connecting low-cost, high-

performance sensors to the cloud for real-time analysis and control.  In 

the past, an alarm might have been a single flashing light inside of a hut 

– simple to discover but possibly hard to fix.  Today, alarm management 

is often a complex and clever part of the overall tower management 

system, improving the rate at which power problems are diagnosed and 

fixed.

Smart Meters are a part of the Smart Grid.  Smart Meters can monitor 

multiple data points for an electrical load over time, including Watts, 

Volts, Amps, Power Factor, etc.  Using these data points would allow 

tower operators to assess the efficiency of the heating, ventilation, 

and air conditioning (HVAC) system, track the performance of their 

solar photovoltaic (PV) system, or determine if radio equipment on 

the towers is overheating.  The system can provide real-time remote 

monitoring, energy auditing, Quality of Service compliance (QoS), and 

thermal modeling.  By thermal modeling of key components on the 

towers, technicians can proactively swap out equipment that is at risk of 

premature failure when a piece of equipment has been running outside 

of performance guidelines.
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 Keeping the lights on ...

When Walt Disney opened Disneyland®, 

numerous burned-out light bulbs detracted 

from the desired atmosphere. Today, 

Disneyland runs a predictive statistical model 

to estimate a bulb’s design life, then swaps 

out each light bulb at risk of prematurely 

failing. Disney’s methods enhanced guest 

experience by balancing between what is 

financially wise and operationally efficient. 

Disney’s goal was a perfect experience for 

his guests, young and young at heart, that 

balances the financial side and operational 

side.
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Telecom vendors have responded by making their architectures 

much more power efficient.  For example, in 2008, Alcatel-Lucent 

introduced 9412 eNodeB Compact, a pure packet architecture 

with no legacy support, thus simplifying the network, reducing 

the number of nodes and bottlenecks, ensuing the network 

permanently runs closer to peak efficiency, delivering better 

performance less electrical consumption and more power choices. 

Today’s smaller cabinets, flexible mounting, integrated Base Band 

Unit support and RF support, and shared antenna  systems run on 

a power supply + 24V DC -48V DC and power and consume about 

1.4Kw, compared to less capable legacy systems that consume 

potentially twice the power. Equipment vendors are in a never-

ending race to improve “functionality per watt.” But energy efficient 

equipment is only the first step. Tower owner / operators need 

to change the way they implement, monitor and operate the new 

equipment.

Smart Meters can also manage revenue by logging the kWh data 

for a tower and sending bills.  This data can be of audit quality, 

useful for getting hard numbers that owners and operators can use 

to settle differences based on facts.  It can be used in many other 

ways, including benchmarking.

Tower owner/operators have made significant investments in Smart 

Grid and Smart Meters, design of new towers, and upgrades to old 

ones.  But such outlays don’t assure that more investments won’t be 

needed in the future to keep up.  For example, as the modern grid is 

becoming even more complex, new requirements are emerging:

•	 Variable power from renewable energy resources that are 

located within transmission and distribution systems

•	 Two-way power flows from distributed energy resources and 

other assets, such as rooftop solar panels, and energy storage 

devices like hydrogen fuel cells

•	 Active management and generation of energy by utility 

customers and businesses other than utilities, like cell towers

These changes provide financial and operational benefit to most 

tower companies, as long as they keep up with the treadmill of 

opportunities.

Return on Investment on power 
improvement projects can be significant 
Accurate diagnosis of an electrical problem, or -- better yet --  

predictive analytics that forewarn operators about problems,  can  

significantly reduce the operating expense (OpEx) of service “truck 

rolls.” With the proper information and systems, operators are able 

to dispatch the right engineer with the right tools and spare parts to 

the right  site.  Improvements in “first time fix “rate will significantly 

improve customer satisfaction (both tenant and end user) and ensure 

the most productive use of OpEx dollars. Operators want to have a 

real-time, systems-level view that lets them quickly drill down to the 

element level, ensuring monitoring and control to analyze and fix 

virtually, optimizing across many variables, rather than minimizing or 

maximizing across only one.

Increasing uptime during a loss of grid 
power can be affordable
Balancing CapX modernization investments such as  gensets, extra 

fuel tanks, high-efficiency rectifiers and OpEx investments in routine 

maintenance (such as keeping fuel tanks full) and regular system 

testing keep uptime high at a affordable  cost.

Cooling can be a budget burner   
Make sure that elements on your site that consume large amounts 

of energy and generate large thermal footprints (ENodeB’s, BTS) are 

the most efficient possible. Taking advantage of economizers and 

free-air cooling can have significant benefits both in terms of improved 

reliability and cost reduction.
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Loads that can be modeled in a calculator include heating, 

ventilation, air conditioning, and lighting as well as radio equipment 

(for all communications technologies included in the tower 

design plus lead batteries, lithium-ion batteries, hydrogen fuel 

cells and generator sets).  The models can include set points and 

economizers.

End-to-end calculation of ROI is the best way to go

Once the planning and design teams have selected potential 

projects, use a free Westell tool to model and evaluate alternative 

approaches. At a high level, leaders need to first be specific about:

•	 Goals (Efficiency, Reliability and Scalability): There can be more 

than one goal along each dimension.  What are the relative 

priorities of the ones to include? What needs to be accomplished 

with the project? When will the benefits first be realized?  How 

long will it take before they are fully realized?

•	 Risks:  What are the major risks to realization of goals? How will 

you mitigate them?  What are the risk triggers and responses?  

•	 Cost: What expenses (both CapX and OpEx) will be required for 

the project to be successful? 

 

 

 

 

The first step is to establish a baseline that includes financial, 

operational, and performance. Unfortunately, little or no data 

collection might be taking place, either for the company or its 

competitors.   It’s also possible that the data is being collected but 

no one is acting on it.  Having this baseline will give carriers and 

tower owners a richer view of how big the opportunities are relative 

to power ones.

Baseline data to be collected can include many variables:

•	 Grid electrical cost taken from Smart Meters, if possible, and 

broken down by day, date, time of day, etc., and reliability (uptime 

and downtime).

•	 Cost of inputs:  electricity, diesel fuel, wind, solar, etc.
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Heading off dead batteries...  
 
Apple’s new iOS 9 for iPhone automatically 

reduces power expenditure when the 

battery is low.  By reducing screen 

brightness automatically and progressively, 

as well as suspending other apps, etc., the 

battery life will be extended.  Developing 

Methods of Procedure (MOP) for off-grid 

scenarios that should be explored is a best 

practice which cell tower operators would 

do well to embrace. 

Battery-nomics 201...  
 
Batteries can be modeled easily with 

variables like the number of battery units 

on site, with kind, cost, and min/max range, 

plus maintenance schedule, plus OpEx 

and CapX. If batteries are supposed to last 

seven years but are beginning to fail at five 

years, this may be classified as a warranty 

event.  It may also change the next time 

a battery is purchased and the price is 

negotiated to reflect the fact that the 

batteries are not working to specification.
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•	 All electricity-consuming equipment on the tower with wattage 

and usage.

•	 Incidents that create expenses related to power, such as battery 

failed with no notice.

•	 Improved life-of-service. A battery can function from 4.5 to 7 

years, depending upon key variables including environmental 

conditions (ambient temperature)  and charge /drain cycles.

With this information, a spreadsheet model can calculate ratios, 

rates, percentages, and other comparative values that demonstrate 

performance and potential return on investment (ROI).  The data 

can be tracked over time and used to calculate performance verses 

the competition.  ROI estimates can be made using free cash flow 

models to make them more solid when being critiqued by the 

finance function in the company.  Having a finance person on these 

projects early is important for getting the project done right the 

first time.

The results can be presented in a Before and After table like the one 

shown below.

Before After

Ad-hoc monitoring and management of power at remote 
cell tower sites

→ Proactive, predictive tower power management drives best total cost of power 
ownership in the industry

Frequent unscheduled truck rolls to fix power problems → First-time-fix rate is industry best

High theft rate for valuable, portable, fenceable items: 
fuel, copper wire, gensets, batteries...

→ Theft management system reduces cost of replacement parts and tower downtime 
waiting for those parts

Brown energy → Greener energy

The baseline data shown in the table on the next page can be 

gathered in conversations with senior technical people, program 

managers, product managers, and support managers, as well as 

finance people.

This baseline data can be used to tell stories about the data and to 

build a case for change.  For example, one tower company had been 

having a rash of problems related to missing scheduled maintenance 

that was canceled and not rescheduled. This led to invisible 

increased demand in minor and major maintenance expenses plus 

an unexpected major overhaul.  

The program manager and operations manager sat down 

together, looked up the data to find better numbers, agreed 

with the conclusions, and implemented a plan to fix.  The firm 

saved thousands of dollars.
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Baseline Data Units Value

Site Configuration
     Site Type 
     Number of Base Station   Transceivers (BTS) 
      Average site power demand

 
 
 
kW

 
Outdoor 
3
2.52

Electrical Grid
     Unit cost of electricity

 
US $/kW hr

 
$0.13

Diesel Generator
     Average run hours per day
     Size of generator
     Capital expense for generator
     Average diesel consumption for 2.52 kW
     Cost of diesel fuel
     Fuel delivery cost

 
hrs/day 
kVA 
US $/kW hr 
gallons/hr 
US $/gallon 
US $/gallon

 
16 
10
$1,000
1.8 
$2.12 
$2.10

Battery Bank
     Battery bank capacity at 8 VDC
     Battery run hours

Ahr 
hrs/day

600
4

Maintenance cost for diesel  
generator at site/day

Units Value

Operations and Maintenance Costs
     Diesel generator maintenance
     Preventative maintenance
     Visit frequency
     Effective cost of preventative maintenance
     Minor overhaul cost
     Minor overhaul frequency
     Major overhaul cost
     Major overhaul frequency
     Cost of generator rental during overhaul
     Total overhaul costs during generator like
     Effective cot of generator overhauls
     Other costs for unscheduled maintenance
Average diesel generators maintenance costs/day

US $/visit
US $/visit
Visits/year
US $
US $
#/year
US $
#/year
US $
US $
US $/hr
US $/year
US $/day

750
300
3
30,000
5,000
1
50,000
1
3,944
85,592
5
16,000
107

Battery Maintenance
     Preventative maintenance costs
     Visit frequency
     Other costs for unscheduled maintenance
Average maintenance costs of battery, etc./day

US $/visit
Visits/year
US $/year
US $/day

750
3.941
21,520
67

Total cost of maintenance for power  
equipment/day

US $/day 174
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calculator variables to include in an excel spreadsheet model

PoweR coNsUmPtIoN

•	 Fuel price per gallon (US $)

•	 Estimated fuel consumption per site / year (gallons)

•	 Estimated fuel consumption per hour (gallons)

•	 Total number of sites with access to power grid

•	 Number of hours of power outages per month

•	 % Power delivered from batteries during outage (on grid)

•	 Number of sites with access to bad power grid

•	 % of power outage (bad grid)

•	 % Power delivered from batteries during outage (bad grid)

•	 Number of sites with no access to power grid

•	 % Power sources switching (generator to batteries - no grid) 

mAINteNANce & DIsPAtcHING

•	 Cost per truck roll (in US $)

•	 Reactive truck rolls per site / month

•	 Number of Technicians

•	 Cost of one technician / hour (in US $)

•	 Working hours per week

•	 % of time spent for troubleshooting

•	 Maintenance visits per site / year

•	 Cost of maintenance visit (in US $)

sURVeIllANce & Access mANAGemeNt  

•	 % Fuel theft/ siphoned per year & site

•	 % Fuel contamination per year & site

•	 % Fuel fraud (incorrect delivery) per year & site

•	 Material theft (avg. yearly amount of stolen property per site)  
(US $)

•	 Downtime of site (in hours per month & site)

•	 Cost of Downtime per hour & site (in US $)

•	 % Working time spent per technician for key management per 
week 
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Creating heuristics (also known as rules of thumb) using baseline 

data is useful.  For example, if operators know how much it costs 

to run the HVAC system, they can make better tradeoffs.  So they 

might want to ask, “What is the cost to run a medium-sized 1,000 

watt window air conditioner for 24 hours per day, 365 days per 

year, with grid electricity at $0.13 per kWh?  Answer = $1,139”

•	 Hours used per day:  24

•	 Power use (Watts): 1,000 (appropriate for a medium-sized 

window air conditioner)

•	 Cost per hour: $0.13

•	 Cost per day:  $3.12

•	 Cost per month:  $94.91

•	 Cost per year: $1,138.92

•	 kWh per day:  24.00

Rule of thumb:  “For every 10% reduction in AC for this unit in 

this example, possible savings are about $114 on one tower or 

$114,000 for a 1,000-tower business.”

Another rule of thumb:  Suppose that a large tower operator 

with 1,000 towers in the U.S. undertakes a project to reduce 

the amount of diesel fuel wasted by idling their trucks by one 

gallon per tower per year. Each gallon of diesel fuel costs $2.47.  

Multiplied across those 1,000 towers equals $2.47 x 1,000 = 

$2,470 annual savings.

These calculations will vary by firm because the market for tower 

sites is fragmented.  There are about 600 companies, many “mom-

and-pop” firms with 1-10 towers each but also larger firms such 

as Crown Castle with thousands of sites.  The market has been 

consolidating as larger firms have been buying up smaller ones.  

Thus, any heuristics will have to be updated with new data for the 

heuristic to continue to be useful.

Relative to measuring and control, each firm needs to find the right 

balance between local and autonomous control versus local data 

acquisition and control in the Network Operations Center (NOC).  

Using a Venn diagram, it is possible to define what responsibilities 

are on one side or the other, or in the overlapping space.  The pros, 

cons, and risks of this model may be useful if it is integrated into 

the baseline data collection and analysis done earlier.

Also, measurement and control systems need to be scaled to 

work well with the number of sites.  For example, Siemens’ 

EnergyIP platform claims to have the largest deployment in the 

utility industry and is capable of processing millions of events.
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“All models are wrong. Some are useful,” 
noted famous statistician George E. P.  Box. 

The power model under construction here 

demonstrates that insight.  For example, the 

default cost of a unit of diesel fuel is defined as 

$2.12 per gallon which is the average cost of diesel 

fuel over the past 10 years as tracked by the U.S. 

Department of Energy. So it may be better to use 

forward-looking estimates vs. backward-looking 

actuals, to high vs. low precision variables like 

prices (“$2-3” vs. “$2.12 and 9/10ths”), to high vs. 

low sensitivity of the model’s outputs to its inputs, 

or any other variables that can be included in the 

model.

Many tower owners and operators like to find a balance too much and 
too little commonality
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Our Services & Support
Westell provides self assessments, benchmarks, best practices, 

communities of practice, blogs, and webinars featuring top experts 

in the field in the United States.  Westell also offers calculators for 

estimating the return on investment for each power opportunity 

under consideration.  Westell also offers a range of hardware and 

software products, services, and solutions.  The products come 

directly from Westell and its partners.
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About Westell
Westell Technologies, Inc., headquartered in Aurora, Illinois, is a 

leading provider of in-building wireless, intelligent site management, 

cell site optimization, and outside plant solutions focused on 

innovation and differentiation at the edge of telecommunication 

networks, where end users connect. The Company’s comprehensive 

set of products and solutions enable telecommunication service 

providers, cell tower operators, and other network operators to 

reduce operating costs and improve network performance. With 

millions of products successfully deployed worldwide, Westell is a 

trusted partner for transforming networks into high quality, reliable 

systems. 

Let’s Talk More.  
Contact Westell Today!
Westell Technologies 

Intelligent Site Management (ISM) Group

Call: (800) 377-8766 

E-mail: info@westell.com  

Visit: www.westell.com

Follow on Twitter @Westell_Tech 

Follow on LinkedIn, Westell 

Subscribe to YouTube Channel, Westell Technologies

Westell provides a similar service for cellular tower site optimization. 

This service is being adapted for use with power.

Together, you and Westell can begin to seize the opportunity in front 

of you and to develop a plan for action that will deliver a good return 

on investment.
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Recommended Reading
•	 Cummins Power Generation, white paper, “Power Systems Considerations for Cell Tower Applications,” 2011

•	 CommScope, “Understanding the RF Path” PDF

•	 American Tower presentations to industry analysts 
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