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7 Steps to 
designing an optimal 
battery-based solution 
to reduce diesel costs of 
telecom towers

By D Shah and R Kuberkar, Schneider Electric

Telecom tower companies (TowerCos) in regions where the grid is unreliable or non-existent depend on diesel generators as their primary 

source of power. In recent years the costs associated with diesel generation have increased significantly. 

The price of diesel has almost doubled in the past decade and 
refuelling and maintaining generators (diesel generators fre-
quently break down) in remote sites is expensive. Diesel theft is 

also a problem. The costs associated with running diesel generators 
for long hours every day at telecom tower sites can be more than 
20% of the total revenue of such companies. Furthermore, diesel 
generators are noisy and carry a high carbon footprint.

Figure 1: Operating diesel generators in regions with unreliable or non-exist-
ent power grids an account for over 20% of a company’s expenses.

To address these issues, a growing number of TowerCos are adopting 
battery-based solutions‒ including the integration of solar energy ‒ to 
power telecom towers at remote sites. There is no universal ‘one 
size fits all’ design. Each site has unique challenges (environmental 
conditions, load profile, number of generators, monitoring needs), 
which call for different solutions.

Off-grid telecom tower sites operate diesel generators on a con-
tinuous basis. Generators run most efficiently when they run closest 
to full load capacity. Yet most TowerCo diesel generators operate 
at sub-optimal efficiency with low loads because they are oversized 

for various reasons:
• Prime power generators (designed to run continuously at variable 

loads) with low power rating and sufficient capacity to handle 
occasional demand peaks are not readily available everywhere

• Even if the average site load is low, the start-up surge rating of 
some of equipment, like an air-conditioner, is very high

• Capacity for future expansion of the site needs to be available

Figure 2: Generators run less efficiently at lower loads and require more 
maintenance.

Battery-based solutions

Battery-based solutions essentially create a ‘hybrid’ power system, 
where instead of the telecom tower site depending solely on the 
diesel generator for energy, it can draw power from batteries. There 
are two major approaches to battery-based solutions:
• Charge-discharge Cycling (CDC)
• Solar integration
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Abbreviations/Acronyms

BTS  – Base Transceiver Station
CDC  – Charge-discharge Cycling
GSM  – Global System for Mobile communications
HMI  – Human Machine Interface
IEC  – International Electrotechnical Commission
OPEX  – OPerating EXpenses
PV  – Photovoltaic
ROI  – Return On Investment
SCC  – Solar Charge Controller

Figure 3: A CDC battery solution allows the generator to run at higher 
capacity for shorter periods of time.

Both approaches lower carbon emissions, reduce fuel costs and main-
tenance requirements, and improve overall system efficiency. Such a 
hybrid system can cut Operating Expenses (OPEX) and reduce carbon 
emissions by more than 35%. Furthermore, both may be implemented 
either for new-build sites or as retrofit solutions.

Charge-discharge Cycling (CDC)

Rather than continuously running a diesel generator at lower capacity, 
a CDC battery solution allows the generator to run at higher capacity 
for shorter periods of time. Batteries are charged by the generator 
when it is running at higher loads (when it is more efficient), and 
discharged to support the site loads when the generator is switched 
off (see Figure 5).

Solar integration approach

The CDC battery solution can be further extended to integrate solar 
energy to charge the batteries and further reduce dependence on the 
diesel generator. For example, rather than the generator running at 
30% capacity 24 hours a day, it operates at more than 75% capacity 
but for only four hours a day with solar energy integrated into the 
battery-based solution. Some remote sites without diesel generators 
can opt for a 100% solar solution using solar charge controllers. As 
the cost of solar decreases, the integration of solar into telecom tower 
sites is becoming a more attractive option, especially in regions with 
a lot of sunshine.

Figure 4: A solar battery solution further reduces dependence on the diesel 
generator.

STEP 1:   Determine objective

• Reduce carbon footprint
• Reduce diesel dependency (reliability)
• Reduce diesel costs (efficiency)

No matter what the final design is like, the telecom tower site’s car-
bon footprint will be reduced by installing a battery-based solution. 
Telecom tower site owners express the following objectives:
• The need to reduce diesel operating costs and operate efficiently
• Minimise diesel dependency at the telecom tower site

STEP 2:   Evaluate loads

• Load profile
• Grounding needs

A telecom tower site typically has three major types of loads:
• BTS - A Base Transceiver Station (BTS) is a piece of equipment 

that facilitates wireless communication between user equipment 
(like mobile phones) and wireless communication networks that 
use technologies like GSM (Global System for Mobile commu-
nications). The size of the BTS load depends on the number of 
BTS co-located at the site. Generally, each BTS has on an aver-
age 800 W dc of continuous load. Newer BTS equipment is more 
energy-efficient and may consume less power.

• Cooling - Cooling needs vary significantly from one site to another. 
These depend on several factors:

• BTS characteristics
• Battery characteristics
• Thermal design of the existing shelter and choice of cooling 

equipment
• Site location
• Call density
• Miscellaneous loads
 These are generally minor loads (e.g. lighting, internet router, 

smoke detectors)

Grounding needs: Telecom systems are traditionally positively 
grounded to avoid corrosion of copper wires. Photovoltaic (PV) mod-
ules available on the market today have different technologies (poly-
crystalline, mono-crystalline, crystalline-Silicon, thin-film) and new 
manufacturing styles (such as back-side connected cells) to achieve 
higher efficiency. Understanding the different Solar Charge Controller 
(SCC) types and grounding schemes enables the designer to make 
an informed choice on which components to use and how to wire.

STEP 3:   Identify energy sources

• Number/quality of diesel generators
• Grid reliability
• Solar potential
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Diesel generators: Many telecom tower sites have two diesel 
generators installed. This ensures that a back-up energy source is 
available if the main diesel generator fails. To accommodate this re-
quirement, the selected inverter-charger needs to have dual ac inputs 
with an internal transfer switch. The inverter-charger should facilitate 
smooth transition to the back-up generator if the main generator fails. 

Grid availability: Grid power availability varies greatly from one 
location to another. A clear understanding of grid availability is im-
portant to design an optimal solution.

Figure 5: Grid availability at telecom tower sites varies significantly from one 
location to another.

Solar PV generation potential

The potential for solar PV generation varies significantly from one 
location to another. At a given location, it can vary significantly 
from one season to another. A detailed understanding of solar PV 
generation potential throughout the year is important for designing 
the optimal solution.

STEP 4:   Analyse communication needs

• Remote monitoring
• Data access

It is always a good practice to install a monitoring solution that analy-
ses system configuration and performance using a Human Machine 
Interface (HMI). The monitoring solution should also allow data to 
be exported in a suitable format like .csv. This is critical for detailed 
troubleshooting any system problems. It is also important to choose 
a data logger with a programmable relay that can be activated in 
case of a fault. Select a router that can function under the operating 
conditions within the BTS shelter or enclosure.

STEP 5:   Understand installation space

• Indoor vs. outdoor
• Footprint limitations

Indoor versus outdoor BTS

Indoor: Telecom tower sites can either have an indoor BTS or an 
outdoor BTS installed. Conventionally an indoor BTS is installed 
within a shelter at the telecom tower site. It is important to choose 
equipment (inverter-charger, solar charge controller, batteries, etc.) 
with an optimised footprint so that all components of the solution 
fit inside the shelter. An inverter charger or solar charge controller 
with high charging capacity is advantageous to reduce the amount of 
equipment required to charge batteries. If there is not enough space 
inside the shelter to house all the components, it will be necessary to 
design a separate outdoor-rated enclosure to house the equipment.

Outdoor: Outdoor enclosures should ideally conform to the Inter-
national Electrotechnical Commission (IEC) IP65 rating, (defining 
enclosures’ protection against dust and water), be non-corrosive and 
rugged, and include proper locking mechanisms to avoid tampering/
theft. The fans and filters should also be chosen for suitability in 
the outdoor environment. Installers often settle for locally sourced 
enclosures not designed for outdoor installation. This eventually 
hurts system performance. Evaluating the operational considerations 
through the first five steps will yield sufficient information and data 
for setting parameters around selecting equipment. The following 
checklist categorises these various criteria to facilitate designing a 
solution schematic and sizing and selecting equipment.

Minimise energy requirements

Wherever possible, make design decisions to minimise energy 
requirements as much as possible. For example, the optimal rec-
ommended temperature for batteries is ~25°C, while the BTS can 
operate optimally up to ~40°C. Using a single air conditioner to cool 
both batteries and the BTS inside the shelter will of course consume 
more energy to maintain the lower temperature of 25°C. There are 
two possible ways to minimise energy consumption in such cases:
• Design an outdoor-rated enclosure with a small air conditioner 

‒ for housing the equipment (inverter-charger, solar charge con-
troller, batteries, etc.)

• Install the equipment (inverter-charger, solar charge controller, 
batteries, etc.) inside the BTS shelter if there is free space avail-
able. Continue using the fan-cooled ventilation mechanism to 
keep the BTS operating optimally turning on air conditioning only 
when the fans are insufficient and use a battery chiller to cool the 
batteries

STEP 6:   Select best-in-class equipment

• Design to minimise energy requirements
• Choose equipment with rich and versatile features set
• Source from a reliable and bankable manufacturer

Always choose equipment from reliable manufacturers. Selecting 
equipment with a rich and versatile feature set enables TowerCos 
to work with the same equipment across several sites even though 
each has different needs.
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A 7-step investigative approach enables compa-

nies to identify operational challenges in advance 

and address them in the design phase.

STEP 7:   Validate objectives and finalise design details

• Validate solution vis-à-vis design objectives
• Thermal considerations

As with any installation project, ensure that the proposed solution 
actually meets its objectives. Particularly when the objective was 
not to reduce diesel dependency ‘at any cost, ‘perform a high-level 
cost-benefit analysis to confirm that the realisable ROI is consistent 
with the target ROI before proceeding to finalising design details, 
ordering equipment, and preparing cost proposals.

Thermal considerations

Optimal thermal design plays an important role in ensuring maximum 
output and safe operation under various environmental conditions. 
Some best practices:
• Ensure optimal spacing between equipment inside the enclosure/

shelter, especially when the components use convection cooling
• Analyse the head-dissipation data for the equipment to consider 

worst-case operating conditions for efficiency
• Mount the enclosure in a location that it is not exposed to direct 

sunlight and allows cool air to circulate into the unit

Site accessibility

Keep in mind the accessibility of the site(s) for the final deployment 
of the solution. If a site is very difficult to access, the pre-assembled 
enclosure cannot be transported to the site. Individual equipment 
must be carried separately and then the solution assembled at the 
site. But if the site is easily accessible, the pre-assembled enclosure 
can be transported to the site. 

More people in more places on Earth are becoming connected by 
cell phones and other mobile devices. Increased cellular data traffic 
means more telecom towers are needed ‒ particularly in developing 
and emerging regions of the world where electrical grids are either 
unreliable or non-existent. Telecom tower companies have long relied 
on diesel generators to power installations in such locations. But 
diesel generators frequently operate at low efficiency, carry a large 
carbon footprint, and can be expensive accounting for over 20% of a 
typical telecom tower company’s operating expenses.

To reduce their dependency on diesel generators, telecom com-
panies have begun to adopt battery-based solutions — including 
the integration of solar energy —at their towers and base stations 
in remote sites. Rather than continuously running a diesel generator 
at lower capacity, a battery solution allows the generator to run at 
higher capacity for shorter periods of time. Batteries are charged by 
the generator when it is running at higher loads (when it is more ef-

ficient), and discharged to support the site loads when the generator 
is switched off. Such a hybrid system can cut operating expenses by 
more than 35% and greatly reduce carbon emissions.

Conclusion

Each site is unique in many ways (environmental conditions, load 
profile, number of generators, monitoring needs, grid reliability) 
and needs its own unique solution. However, even though each site 
has its own set of characteristics that need to considered, the overall 
approach and principles for designing a battery-based solution for tel-
ecom tower sites remain the same for every installation. A systematic 
7-step investigative approach enables companies to identify potential 
operational challenges in advance and address them effectively in 
the design phase: Step 1: Sets contextual framework that informs 
everything that follows. Steps 2 – 5: Collect information and data 
about the tower site that become the parameters and (Step 6) inputs 
for selecting components and equipment for the solution. Finally, 
Step 7, it needs to be confirmed that the proposed solution actually 
meets its objectives.
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