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Skilling is building a better India.
If we have to move India towards 

development then Skill Development 
should be our mission.
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India is currently the world's second-largest telecommunications market with a subscriber base of 1.20

billion and has registered strong growth in the last decade and a half. The industry has grown over

twenty times in just ten years. Telecommunication has supported the socioeconomic development of

India and has played a significant role in narrowing down the rural-urban digital divide to some extent.

The exponential growth witnessed by the telecom sector in the past decade has led to the development

of telecom equipment manufacturing and other supporting industries.

Over the years, the telecom industry has created millions of jobs in India. The sector contributes around

6.5% to the country's GDP and has given employment to more than four million jobs, of which

approximately 2.2 million direct and 1.8 million are indirect employees. The overall employment op-

opportunities in the telecom sector are expected to grow by 20% in the country, implying additional

jobs in the upcoming years.

This Participant handbook is designed to impart theoretical and practical skill training to students for

becoming Telecom Tower Site Maintenance Technician in the Telecom Sector.

Telecom Tower Site Maintenance Technician is the person who is responsible for ensuring the smooth

operation, upkeep, and reliability of telecom tower sites.

This Participant Handbook is based on Telecom Tower Site Maintenance Technician Qualification Pack

(TEL/Q4100) and includes the following National Occupational Standards (NOSs):

1. TEL/N4138: Maintain tower site and report periodically

2. TEL/N4139: Manage site operation safely and hygienically

3. TEL/N9109: Follow Sustainable Practices in Telecom Infrastructure Management

4. DGT/VSQ/N0101: Employability Skills (30 Hours)

The Key Learning Outcomes and the skills gained by the participant are defined in their respective units.

Post this training, the participant will be able to maintain, operate, and manage telecom tower sites

efficiently while ensuring safety, sustainability, and optimal network performance.

We hope this Participant Handbook will provide sound learning support to our young friends to build an

attractive career in the telecom industry.

About this book

Symbols Used
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By the end of this module, the participants will be able to:

Key Learning Outcomes

2

1. Explain the significance of the telecom sector in daily activities and business operations.

2. Elucidate the key skills and technical expertise required for a Telecom Tower Site Maintenance
Technician to diagnose and fix hardware and software issues.

3. Discuss the challenges faced in telecom tower site maintenance activities.

4. Determine the impact of regular tower site maintenance on telecom operations and customer
satisfaction.

5. Discuss the roles and responsibilities of a Telecom Tower Site Maintenance Technician in
maintaining high service standards and ensuring seamless telecom operations.
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By the end of this unit, the participants will be able to:

India’s telecom sector has grown faster than the overall economy in recent years. As of 2025, the

country has over 1.2 billion subscribers, making it the second-largest telecom market in the world.

Broadband users have crossed 979 million, showing rapid digital adoption.

The sector continues to generate new jobs, especially in sales, supervisory, and managerial roles, driven

by 5G expansion, rising data usage, and rural market growth.

Key Segments:

1. Network & IT Services – building infrastructure and connectivity.

2. Service Providers – offering mobile, internet, and digital services.

3. Retail & Distribution – ensuring product availability and customer engagement at the ground level.

The telecommunication sector is the backbone of India’s digital economy and has revolutionized human

communication by delivering high-speed voice and data services. With the rollout of 4G and 5G

networks, the industry continues to drive industrial, economic, and social growth. India is currently the

world’s second-largest telecommunications market, with over 1.2 billion subscribers as of mid-2025,

while broadband users have crossed 979 million, reflecting rapid digital adoption across both urban and

rural regions. The telecom sector not only connects people but also contributes significantly to India’s

GDP and is a major source of employment.

The industry has expanded rapidly, driven by privatization, liberalization, and globalization. With fierce

competition and rising customer expectations, telecom operators are investing heavily in improving

service quality, expanding broadband coverage, and ensuring customer satisfaction. Tele-density

reached 84.5% in 2025, while broadband subscriptions continue to surge. Infrastructure growth has

been equally significant, with mobile towers increasing to more than 720,000 by 2025 and Base

Transceiver Stations (BTS) crossing 2.5 million. The Department of Telecommunications (DoT) has set

ambitious goals for 100% village broadband connectivity, 70% fabrication of mobile towers, and 50 lakh

km of optic fiber rollout by 2024, strengthening India’s digital backbone.

At the same time, the telecom sector is playing a transformative role in shaping future technologies.

The integration of 5G, cloud computing, artificial intelligence (AI), Internet of Things (IoT), and big data

analytics is driving innovation across industries such as manufacturing, healthcare, logistics, and

education. However, this rapid digital transformation has also created a large skill demand. According to

the Telecom Sector Skill Council (TSSC), the industry faces a 28% demand-supply gap in skilled

professionals, particularly in areas like 5G deployment, mobile app development, AI/ML, and robotic

process automation.

1. Outline the growth of the Telecom Sector in India.
2. Describe the size and scope of the Telecom industry and its sub-sectors.

1.2.1 Telecom Sector in India

UNIT 1.1: Telecom Sector in India

Unit Objectives

Telecom Tower Site Maintenance Technician
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To address this challenge, TSSC is actively training and developing a world-class workforce while

supporting the growth of telecom manufacturing, services, and distribution clusters. By bridging the

skill gap, India’s telecom sector is poised to further accelerate digital inclusion, create employment

opportunities, and contribute an estimated USD 450 billion to the economy between 2023 and 2040

through the adoption of 5G and emerging technologies.

1.1.2 Various Sub-Sectors of the Telecom Industry
Telecommunication is a multi-dimensional industry. It is divided into the following subsectors

• Telecom Infrastructure - It is a physical medium through which all the data flows. This includes

telephone wires, cables, microwaves, satellites, and mobile technology such as fifth-generation

(5G) mobile networks.

• Telecom Equipment - It includes a wide range of communication technologies, from

transmission lines and communication satellites to radios and answering machines. Examples of

telecommunications equipment include switches, routers, voice-over-internet protocol (VoIP),

and smartphones.

• Telecom Services – A service provided by a telecommunications provider or a specified set of

user- information transfer capabilities provided to a group of users by a telecommunications

system. It includes voice, data and other hosts of services.

• Wireless Communication - It involves transferring information without a physical connection

between two or more points.

• Broadband - It is wide bandwidth data transmission which transports multiple signals at a wide

range of frequencies and Internet traffic types, that enables messages to be sent

simultaneously and used in fast internet connections.

Participant Handbook
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The major segments within these sub-sectors include the following:

• Wireless communications

• Communications equipment

• Processing systems and products

• Long-distance carriers

• Domestic telecom services

• Foreign telecom services

• Diversified communication services

1.1.3 Major Service Players in Telecom Industry
Wireless Operators

Market Share in 2022 (Wireless Subscribers)

As of February 2022, with ~ 1,145 million (114.5 crore) wireless subscribers (including inactive):

• Jio: 35.4 % (≈ 402.7 million users)

• Airtel: 31.5 % (≈ 354.1 million)

• Vodafone-Idea (Vi): 23.2 % (≈ 263.6 million)

• BSNL: 10.0 % (≈ 113.8 million)

These figures sum to ~ 100 % across those four players in the wireless space in that period.

The below graph shows each of these telecom giants’ market share as of 2022.

Telecom Tower Site Maintenance Technician

Fig. 1.1.2: Market share of mobile telecom operators in India

Source: https://www.trai.gov.in/service-providers-view
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As of May 2025, there are about 3.87 crores (38.7 million) wireline subscribers in India, according to

the Telecom Regulatory Authority of India (TRAI).

The below graph shows the market share of fixed-line telecom operators in India as of May 2025.

Fig. 1.1.3: Market share of Fixed Line telecom operators in India

Source: https://www.trai.gov.in/service-providers-view

Participant Handbook

Internet Service Providers (ISPs)

Å An Internet Service Provider (ISP) is a company that provides individuals and organizations access

to the internet and other related services. Below is the list of major ISPs in India (wired &

wireless)

Reliance Jio Airtel ACT Fibernet Hathway Vi 

BSNL 
Intech online private 

limited 
Alliance Broadband APSFL Asianet Broadband 

DEN Networks Kerala Vision Mu Internet 
RailTel Corporation 

of India 
Sify 

Spectranet 
Tata 

Communications 
Tata Play S Net GAILTEL 

Tulip Telecom ERNET 

National Knowledge 
Network (for 
educational 

institutions only) 

PowerGrid 
CtrlS Datacenters 

Ltd 

Fig. 1.1.4: Major Internet Service Providers in India
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1.1.5 Regulatory Authorities in the Telecom Industry in India

Multiple regulatory authorities control the telecom sector in India. They

are:

TRAI - Telephone Regulatory Authority of India

The Telecom Regulatory Authority of India, established in February 1997,

regulates telecom services in India. Its scope includes fixing/revising tariffs

for telecom services. The mission of TRAI is to create the environment

needed for the growth of telecommunication at a pace that will empower

India to play a major role in the emerging global information society.

One of the main objectives of TRAI is to provide a fair and transparent

policy that facilitates fair competition. In January 2000, the Telecom

Disputes Settlement and Appellate Tribunal (TDSAT) was set up to settle

any dispute between a licensor and a licensee, between two or more

service providers, between a service provider and a group of consumers,

and to hear and dispose of appeals against any direction, decision or order

of TRAI.

Telecom Tower Site Maintenance Technician

TRAI Regulation on Call Centre

1. 121 - General information number - Chargeable Call

2. 198 - Consumer care number - Toll-Free Number

3. Service Request - a request made pertaining to the account for:

ᴑ Change in plan

ᴑ Activation/deactivation of VAS/ supplementary service/special pack

ᴑ Activation of service provided by the operator

ᴑ Shifting/disconnection of service/billing details

COAI - Cellular Operators Association of India

The COAI was set up in 1995 as a registered non-governmental and

non-profit society. COAI is the official voice for the cellular industry in

India, and it interacts on its behalf with the licensor, telecom industry

associations, man agreement spectrum agency and policy makers. The

core members of COAI are private cellular operators such as Reliance

Jio Infocom Limited, Idea Cellular Ltd., Bharti Airtel Ltd., Aircel Ltd.,

Videocon Telecom, Telenor (India) Communications Private Ltd., and

Vodafone India Ltd., operating across the whole country.
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TDSAT - Telecom Disputes Settlement and Appellate Tribunal

It is a special body set up exclusively to judge any dispute

between the DoT and a licensee, between two or more service

providers, or between a service provider and a group of

consumers. An appeal against TDSAT shall be filed before the

Supreme Court of India within ninety days.

The Department of Telecommunications, abbreviated to DoT, is a

department of the Ministry of Communications of the executive

branch of the GOI.

The DoT promotes standardization, research and development,

private investment and international cooperation in matters relating

to telecommunication services. It acts as a licensing body, formulates

and enforces policies, allocates and administers resources such as

spectrum and number, and coordinates matters in relation to

telecommunication services in India.

Participant Handbook

1.1.6 Evolution of Mobile Networks, the Transition from 4G to 5G
Mobile networks have undergone a remarkable evolution, with each new generation bringing

significant improvements in speed, capacity, and functionality. This progression, from 1G to 5G, has

transformed mobile communication from simple voice calls to a cornerstone of modern life.

Evolution of Mobile Networks

• 1G (1980s): The first generation of mobile networks was analog, offering basic voice calls only. It

was an initial step in wireless communication, but had poor sound quality, low security, and

limited capacity.

• 2G (1990s): This generation introduced digital technology, a crucial leap forward. 2G networks

enabled more secure and efficient voice calls, and, most importantly, brought us text messaging

(SMS). Data speeds were very slow, but it laid the foundation for mobile data services.

• 3G (Early 2000s): 3G brought the mobile internet to the masses. With faster data speeds, it made

web browsing, email, and basic video calls on mobile devices a reality. This generation was a

catalyst for the rise of smartphones and the mobile application ecosystem.

• 4G (2010s): 4G, specifically 4G LTE, provided a massive jump in speed and capacity. It was

designed as an all-IP (Internet Protocol) network, meaning all services, including voice calls

(VoLTE), were based on data packets. This led to a more reliable and faster experience, enabling

high-definition video streaming, online gaming, and the proliferation of social media on mobile

devices.
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Transition from 4G to 5G

The transition from 4G to 5G is a fundamental shift, not just an incremental speed boost. While 4G

improved mobile broadband, 5G is designed to be a universal connectivity platform that can support

everything from smartphones to smart cities. The key improvements are in three main areas:

• Speed (Enhanced Mobile Broadband): 5G is significantly faster than 4G. While 4G has a theoretical

peak download speed of 100 Mbps, 5G can reach up to 10 Gbps. This means you can download a

full-length movie in seconds, not minutes.

• Latency (Ultra-Reliable Low-Latency Communication): Latency is the delay between sending and

receiving data. 4G latency is around 50-100 milliseconds, whereas 5G is engineered for an ultra-

low latency of as little as 1 millisecond. This is critical for applications that require near-

instantaneous response, such as autonomous vehicles, remote surgery, and real-time virtual

reality.

• Capacity (Massive Machine-Type Communication): 5G networks can handle a vastly greater

number of connected devices simultaneously. 4G can support around 100,000 devices per square

kilometer, while 5G can handle up to 1 million devices per square kilometer. This immense

capacity is essential for the growth of the Internet of Things (IoT), where everything from smart

appliances to industrial sensors will need a reliable connection.

5G also introduces new technologies like Massive MIMO (Multiple-Input, Multiple-Output) and

network slicing. Massive MIMO uses a large number of antennas to send and receive more data

streams simultaneously, boosting efficiency. Network slicing allows operators to create dedicated,

virtual networks on top of the physical 5G infrastructure, tailoring performance for specific use cases

like an enterprise's private network or a public safety communication system.

Telecom Tower Site Maintenance Technician
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By the end of this unit, the participants will be able to:

Telecom towers are a critical component of the telecom network infrastructure. They serve as the

backbone of connectivity, enabling seamless mobile communication, data transfer, and internet access

across the country. Being one of the most capital-intensive elements in the telecom ecosystem, tower

infrastructure represents a major portion of the industry’s investment and operational expenditure.

Over time, the tower segment has evolved into an independent business domain, with specialized

companies—known as Tower Infrastructure Companies—managing, operating, and maintaining towers

for multiple telecom service providers. This model, known as infrastructure sharing, allows multiple

operators to use the same tower, thereby optimizing costs and improving profitability.

The Tower Infrastructure Industry in India has witnessed rapid growth and consolidation. Several

mergers and acquisitions have taken place to strengthen operational capabilities and expand reach. For

example:

• Indus Towers, a joint venture of Vodafone, Bharti Airtel, and Idea (now part of Vi), is one of the

largest tower companies in the world.

• American Tower Corporation (ATC) expanded its India presence by acquiring Viom Networks and

Xcel Telecom’s tower business.

• BSNL has also started leasing out its towers to generate additional revenue.

This competitive and dynamic landscape has led to a strong demand for skilled professionals who can

manage, maintain, and operate these telecom tower sites efficiently.

1. Elucidate the key skills and technical expertise required for a Telecom Tower Site Maintenance
Technician to diagnose and fix hardware and software issues.

2. Discuss the challenges faced in telecom tower site maintenance activities.
3. Determine the impact of regular tower site maintenance on telecom operations and customer

satisfaction.
4. Discuss the roles and responsibilities of a Telecom Tower Site Maintenance Technician in

maintaining high service standards and ensuring seamless telecom operations..

1.2.1 Tower Infrastructure Industry

UNIT 1.2: Roles and Responsibilities of Telecom Tower Site 
Maintenance Technician

Unit Objectives

Telecom Tower Site Maintenance Technician
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Major Tower Infrastructure Companies in India (Updated 2024-25)

S. 
No.

Company Name Approx. Number of Towers / Key Notes

1 Indus Towers Limited ~ 219,700 towers (FY24) 

2 GTL Infrastructure Limited ~ 28,000 towers 

3 Tower Vision India Pvt Ltd ~ 7,500+ towers (as per recent profile) 

4
BSNL (Bharat Sanchar Nigam Limited) (tower 
division)

Over 40,000 towers 4G/5G-ready (state data) 

5
Reliance Infratel Limited (Merged/acquired and less distinct now) —

legacy ~ 43,000 towers (2015)

6 Bharti Infratel Limited Merged into Indus Towers in 2020

7
Viom Networks Limited Acquired by American Tower Corp- India 

operations; current tower count not publicly 
separate

8
American Tower Corporation India Active in India; specific tower-count in India 

not publicly disclosed in recent reports

9
Aster Infrastructure Legacy ~ 1,000 towers (2015) — current status 

requires update

10
India Telecom Infra Limited Legacy ~ 1,000 towers (2015) — current status 

requires update

11
KEC International Limited Legacy ~ 400 towers (2015) — current status 

requires update

12
Independent Mobile Infrastructure Services 
Limited

Legacy ~ 400 towers (2015) — current status 
requires update

Table 1.2.1: Major Telecom Tower Companies of India

A Telecom Tower Site Maintenance Technician requires a combination of technical knowledge, practical

skills, and problem-solving abilities to efficiently maintain and troubleshoot telecom tower sites. The key

skills and expertise include:

1. Hardware Troubleshooting and Maintenance

• Inspecting, repairing, and replacing passive infrastructure such as antennas, coaxial cables, radios,

and fiber-optic components.

• Maintaining power systems, including diesel generators, batteries, and solar units.

• Ensuring proper grounding, earthing, and lightning protection systems.

1.2.2 Key Skills and Technical Expertise for a Telecom Tower 
Site Maintenance Technician
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2. Software and Network Diagnostics

• Using monitoring tools to detect faults in network equipment.

• Diagnosing alarms, logs, and alerts from network operation centers (NOCs).

• Implementing corrective measures in alignment with manufacturer guidelines and operational

procedures.

3. Safety and Compliance Expertise

• Working safely at heights, following occupational safety and health guidelines.

• Maintaining site hygiene and adhering to environmental and regulatory standards.

• Identifying potential risks and mitigating hazards during maintenance activities.

4. Technical Documentation and Reporting

• Recording maintenance activities, inspections, repairs, and replacements accurately.

• Reporting site conditions, equipment performance, and recurring issues to supervisors.

5. Analytical and Problem-Solving Skills

• Conducting root-cause analysis of faults and failures.

• Planning preventive maintenance schedules to avoid service interruptions.

6. Soft Skills and Employability

• Effective communication with team members, supervisors, and external vendors.

• Time management, adherence to schedules, and professional conduct at client sites.

Summary:

The role requires a balance of hands-on technical expertise, analytical thinking, and safety awareness to

ensure uninterrupted network performance and site reliability.

Maintaining telecom tower sites involves a range of technical, operational, and environmental

challenges. Some of the key challenges include:

1. Working at Heights

• Tower technicians often work at significant heights, exposing them to safety risks and requiring

strict adherence to safety protocols and use of personal protective equipment (PPE).

2. Harsh Environmental Conditions

• Exposure to extreme weather conditions such as heavy rain, high winds, extreme heat, or cold

can affect both personnel safety and equipment performance.

1.2.3 Challenges Faced in Telecom Tower Site Maintenance 
Activities

Telecom Tower Site Maintenance Technician
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3. Power and Energy Management

• Ensuring uninterrupted power supply is challenging, especially in remote areas where grid power

is unreliable. Managing DG sets, solar panels, and battery systems requires technical expertise.

4. Equipment Failures and Obsolescence

• Aging infrastructure, frequent equipment malfunctions, and compatibility issues with new

technologies can complicate maintenance activities.

5. Remote Site Accessibility

• Many tower sites are located in rural or hard-to-reach areas, making transportation of personnel,

tools, and spare parts difficult.

6. Network Downtime Pressure

• Any delay in maintenance can directly impact network uptime, causing service disruptions and

affecting customer satisfaction.

7. Compliance and Safety Regulations

• Adhering to strict occupational safety, environmental, and operational standards is mandatory,

requiring constant vigilance and proper documentation.

8. Multi-Operator Sites

• Towers often serve multiple telecom operators, requiring technicians to manage and coordinate

work according to different operational guidelines and protocols.

9. Rapid Technological Changes

• Upgrades to 4G, 5G, and IoT-based network equipment require continuous learning and

adaptation to new technologies and maintenance procedures.

10. Physical and Mental Fatigue

• Long working hours, physically demanding tasks, and emergency maintenance calls can lead to

fatigue, affecting efficiency and safety.

Telecom tower site maintenance is a demanding role that requires technical expertise, safety

awareness, physical fitness, and problem-solving skills to overcome operational, environmental, and

technological challenges while ensuring uninterrupted network performance.

Fig. 1.2.1 Working at heights
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Regular maintenance of telecom tower sites is critical to ensure continuous network performance,

reliability, and service quality. Its impact can be observed in the following areas:

1. Improved Network Uptime

• Routine inspection and preventive maintenance help in early detection of potential faults in

power systems, antennas, radios, and fiber connections.

• Minimizes network downtime, ensuring uninterrupted communication and data services.

2. Enhanced Service Quality

• Properly maintained towers support stronger signal strength, better coverage, and faster data

speeds.

• Reduces call drops, slow internet connections, and network congestion.

3. Reduced Repair Costs

• Preventive maintenance reduces the frequency of major breakdowns, saving telecom

operators from costly emergency repairs and replacements.

4. Safety and Regulatory Compliance

• Regular maintenance ensures adherence to safety, environmental, and operational standards,

reducing risk to personnel and infrastructure.

5. Customer Satisfaction and Retention

• Reliable and high-quality network services enhance user experience, leading to higher

customer trust, loyalty, and reduced churn.

6. Operational Efficiency

• Well-maintained equipment performs optimally, reducing energy wastage and improving

resource utilization at tower sites.

Consistent tower site maintenance directly contributes to efficient telecom operations, cost savings, and

superior customer experience, making it a crucial function in the telecom industry.

1.2.4 Impact of Regular Tower Site Maintenance on Telecom 
Operations and Customer Satisfaction

Telecom Tower Site Maintenance Technicians play a crucial role in ensuring that telecom tower sites

remain operational, safe, and efficient. They handle the maintenance, inspection, and repair of tower

infrastructure and associated equipment such as antennas, coaxial cables, radios, power systems, and

fiber-optic cables.

Key Responsibilities include:

• Conducting routine inspection, preventive, and corrective maintenance of tower sites.

• Ensuring compliance with safety norms and using appropriate protective equipment while working

at heights.

• Maintaining power and energy systems such as diesel generators, batteries, and solar units.

• Identifying and resolving faults in telecom passive infrastructure and site utilities.

1.2.5 Roles and Responsibilities of a Telecom Tower Site 
Maintenance Technician

Telecom Tower Site Maintenance Technician
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• Reporting site conditions and maintenance activities to supervisors and network operations teams.

• Following Method of Procedures (MOPs), checklists, and client-specific standards.

• Supporting site upgrades, equipment replacement, and network enhancement tasks.

• Maintaining hygiene, cleanliness, and sustainability standards at the site.

Through this role, technicians contribute directly to network uptime, service reliability, and customer

satisfaction.

The telecom infrastructure industry offers significant opportunities for growth and specialization. 
With experience, a Telecom Tower Site Maintenance Technician can progress to higher-level roles 
such as:

• Senior Tower Technician / Site Engineer

• Tower Maintenance Supervisor / Cluster Manager

• Field Engineer – Network Operations

• Infrastructure Project Coordinator / Energy Manager

Additionally, with advancements in 5G networks, green energy solutions, and IoT-based monitoring 
systems, skilled tower technicians are in increasing demand.

Freelance and contractual opportunities are also growing, providing flexibility to work with different 
operators or tower companies based on expertise, region, and project requirements.

1.2.6 Career Progression in the Telecom Tower Industry
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Exercise

Short Questions:

1 Explain how telecom networks influence daily communication and business activities.

2. Describe two technical skills required for diagnosing telecom site hardware issues.

3. What impact does timely maintenance have on customer satisfaction?

Multiple Choice Questions:

1. The telecom sector is important in daily life because:

a) It only supports entertainment

b) It enables communication, connectivity, and business operations

c) It is used only in large industries

d) It has no role in emergency services

2. One key technical skill required for a Telecom Tower Site Maintenance Technician is:

a) Cooking skills

b) Understanding of power and battery systems

c) Textile designing

d) Interior decoration

3. A common challenge in telecom tower maintenance is:

a) Excessive water availability

b) Weather conditions and remote site access

c) Overstaffing at tower sites

d) High-speed internet at every location

4. Regular tower maintenance helps ensure:

a) Higher network downtime

b) Customer dissatisfaction

c) Smooth connectivity and reliable service quality

d) Increase in fault severity

5. One key responsibility of a site maintenance technician is:

a) Ignoring network alarms

b) Maintaining site logs and performing preventive maintenance

c) Removing critical equipment without approval

d) Avoiding communication with supervisors

True/False Questions:

1. Telecom tower maintenance has no effect on network reliability.

2. A technician must follow safety standards while working at heights or with electrical systems.

3. Preventive maintenance helps in reducing the possibility of sudden breakdowns.

4. Customer satisfaction can be influenced by the quality of telecom network performance.

Fill in the Blanks:

1. The telecom sector plays a vital role in enabling __________ between people and businesses.

2. A Telecom Tower Site Maintenance Technician must maintain accurate __________ records for

audit and compliance.

3. Harsh weather conditions and remote site locations are considered __________ in tower

maintenance work.

4. Regular maintenance activities help prevent unexpected equipment __________.

Telecom Tower Site Maintenance Technician
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TEL/N4138

Unit 2.1 - Telecom Power Systems and Preventive 

Maintenance

Unit 2.2 - Fault Diagnosis, Site Infrastructure, and Safety

Unit 2.3 - Documentation, Reporting, and Compliance
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1. Explain the components of telecom power systems, including solar, wind, and hybrid energy

sources.

2. Demonstrate how to inspect, clean, and maintain solar panels, wind turbines, and hybrid power

systems.

3. Elucidate the different battery technologies, such as lead-acid, lithium-ion, and solid-state

batteries, along with their maintenance requirements.

4. Show how to test, service, and maintain battery banks, including lead-acid, lithium-ion, and solid-

state batteries.

5. Discuss the principles of predictive maintenance and fault analytics for early issue detection in

power and cooling systems.

6. Demonstrate the use of remote monitoring tools to track site condition, analyze downtime, and

predict failures using data analytics.

7. Describe the use of remote monitoring and management systems for energy tracking, alarm

detection, and asset health monitoring.

8. Demonstrate how to track, analyze, and optimize energy consumption, including identifying

inefficiencies in battery charging cycles and rectifying power losses.

9. Explain how fault diagnosis using data analytics can improve telecom site maintenance.

10. Show how to identify, troubleshoot, and repair site faults, including power failures, hardware

malfunctions, and faulty power components like batteries, rectifiers, and fuses.

11. Discuss the importance of maintaining an inventory of spare parts for power and maintenance

activities.

12. Demonstrate how to report issues such as fuel consumption, security breaches, or material theft

to the supervisor.

13. Explain the standard safety procedures for electrical and mechanical maintenance at telecom

sites.

14. Demonstrate how to inspect and rectify faults in grounding systems to ensure electrical safety.

15. Show how to perform emergency repairs on alternative power sources to maintain site uptime.

16. Discuss telecom site infrastructure, including shelters, tower structures, and power distribution.

17. Show how to conduct preventive maintenance on telecom enclosures, cable connections, and

environmental control units.

18. Demonstrate how to monitor, calibrate, and troubleshoot power interface units (PIU), SMPS,

Diesel Generators (DG), and air conditioning systems.

19. Show how to perform load balancing and ensure efficient energy distribution at the site.

20. Describe the documentation standards for telecom site maintenance, including digital reporting

practices.

21. Show how to document preventive and corrective maintenance tasks in telecom reporting

systems and maintain records of site power logs, energy audits, and operational performance.

22. Show how to use digital reporting tools to submit real-time site updates, alarm escalations, and

maintenance logs.

23. Demonstrate how to restore connectivity by addressing transmission failures and alarm-triggered

events.

24. Show how to ensure regulatory compliance in energy management and site operations.

By the end of this module, the participants will be able to:
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By the end of this unit, the participants will be able to:

1. Explain the components of telecom power systems, including solar, wind, and hybrid energy
sources.

2. Demonstrate how to inspect, clean, and maintain solar panels, wind turbines, and hybrid power
systems.

3. Elucidate the different battery technologies, such as lead-acid, lithium-ion, and solid-state
batteries, along with their maintenance requirements.

4. Show how to test, service, and maintain battery banks, including lead-acid, lithium-ion, and solid-
state batteries.

5. Discuss the principles of predictive maintenance and fault analytics for early issue detection in
power and cooling systems.

6. Demonstrate the use of remote monitoring tools to track site condition, analyze downtime, and
predict failures using data analytics.

7. Describe the use of remote monitoring and management systems for energy tracking, alarm
detection, and asset health monitoring.

8. Demonstrate how to track, analyze, and optimize energy consumption, including identifying
inefficiencies in battery charging cycles and rectifying power losses.

9. Discuss the importance of maintaining an inventory of spare parts for power and maintenance
activities.

2.1.1 Major Components of a Telecom Power System and 
Power Source

UNIT 2.1: Telecom Power Systems and Preventive Maintenance

Unit Objectives

Every telecom tower requires a continuous and reliable power supply to keep network operations

running 24x7. Power systems at telecom sites are designed to provide uninterrupted electricity to

critical components such as Base Transceiver Stations (BTS), microwave radios, rectifiers, and cooling

systems.

In areas with irregular grid supply or frequent power cuts, renewable energy solutions like solar, wind,

and hybrid power systems are increasingly used to improve energy reliability and reduce operational

costs.

Major Components of a Telecom Power System

A telecom tower power system generally consists of the following key components:

a) Power Source

This is the origin of energy used to operate the telecom equipment. It can be:

• Grid Power (AC mains): The primary power supply in urban and semi-urban locations.

• Diesel Generator (DG): Provides backup power during grid failure.

• Renewable Energy Systems: Solar panels or wind turbines used to generate clean energy.

• Hybrid Systems: A combination of two or more sources (e.g., solar + DG or wind + grid).

Telecom Tower Site Maintenance Technician



23

Participant Handbook

b) Power Conversion and Regulation Units

These units manage, convert, and regulate power to meet telecom equipment requirements.

• SMPS (Switched Mode Power Supply): Converts AC power to DC power required by telecom

devices.

• Rectifiers: Convert AC to DC and charge batteries.

• Inverters: Convert DC back to AC where required for auxiliary loads.

• Power Interface Unit (PIU): Controls and distributes power among various devices.

c) Energy Storage System

• Battery Banks (Lead-acid / Lithium-ion / VRLA): Store energy for backup during power outages.

• Batteries are connected in series and parallel to achieve the required voltage and capacity.

d) Monitoring and Control System

• Remote Monitoring Units (RMUs): Help monitor parameters like voltage, current, temperature,

fuel levels, and alarms from a remote location.

• Controllers and Sensors: Provide automation for switching between power sources and

maintaining operational efficiency.

e) Cooling and Ventilation Systems

• Air Conditioners / DC Fans: Maintain optimum operating temperature for sensitive telecom

equipment.

• Temperature sensors help regulate cooling automatically.

f) Earthing and Safety Equipment

• Earthing strips, lightning arrestors, and circuit breakers protect the tower and electrical systems

from surges, faults, and lightning strikes.

Fig. 2.1.1 DG with Canopy supplies power to the site when main AC fails.
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Renewable and Hybrid Power Systems in Telecom

(a) Solar Power Systems

• Solar panels (Photovoltaic Modules): Convert sunlight into DC electricity.

• Charge Controller: Regulates voltage and current coming from solar panels to the batteries.

• Solar Battery Bank: Stores the energy for night use or cloudy days.

• Inverter (optional): Converts DC power to AC for certain loads.

Illustration:

A typical solar power setup for a telecom tower includes:

1. Solar panels mounted on the rooftop or nearby structure.

2. DC output connected to the charge controller.

3. Batteries charged via the controller.

4. PIU distributes power between solar, grid, and DG based on availability.

(b) Wind Power Systems

• Wind Turbine Generator (WTG): Converts wind energy into electricity.

• Charge Controller: Protects the batteries from overcharging.

• Battery Bank: Stores generated energy.

• Hybrid Controller (for wind-solar systems): Balances power input from both sources.

Note: Wind power is most effective in coastal or high-altitude areas with consistent wind speeds.

(c) Hybrid Power Systems

A hybrid system combines two or more power sources (e.g., solar + DG or wind + grid) to ensure

maximum uptime and energy efficiency.

Advantages:

• Reduces dependency on diesel.

• Lowers fuel cost and emissions.

• Ensures 24x7 power supply even during cloudy or windless periods.

• Integrates smart controllers for automatic source selection.

Example:

In a solar-DG hybrid setup:

• Solar energy is used during the day.

• DG automatically starts when battery levels fall below a preset threshold.

• Once solar resumes, DG stops and batteries are recharged through solar panels.

Safety and Maintenance Considerations

• Always follow manufacturer’s guidelines for installation and servicing.

• Ensure proper earthing and insulation to prevent electrical shocks.

• Regularly inspect panels and wiring for dust, corrosion, or loose connections.

• Maintain logs for power generation, consumption, and battery performance.

• Use personal protective equipment (PPE) during maintenance work.

Telecom Tower Site Maintenance Technician
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2.1.2 Demonstrate How to Inspect, Clean, and Maintain 
Solar Panels, Wind Turbines, and Hybrid Power Systems

Telecom tower sites depend heavily on reliable power systems to ensure uninterrupted operation of

communication equipment. In remote or off-grid areas, renewable energy solutions like solar panels,

wind turbines, and hybrid power systems (a combination of renewable and conventional sources such

as Diesel Generators and batteries) are commonly used.

However, these systems are exposed to dust, rain, wind, and high temperatures — conditions that can

lead to reduced performance, corrosion, and mechanical wear. Hence, it becomes the responsibility of

a Telecom Tower Site Maintenance Technician to regularly inspect, clean, and maintain these systems

to ensure high energy output, long equipment life, and operational safety.

Inspection, Cleaning, and Maintenance of Solar Power Systems

Solar photovoltaic (PV) systems are widely deployed at telecom sites as a clean and cost-effective

energy source. They require minimal but consistent maintenance to function optimally.

Key Components of a Solar Power System

• Solar Panels (PV Modules): Convert sunlight into direct current (DC) electricity.

• Mounting Structure: Supports and secures solar panels, usually made of corrosion-resistant

metal.

• Charge Controller: Regulates voltage and current from panels to batteries.

• Battery Bank: Stores excess power for night use or cloudy days.

• Inverter / PIU (Power Interface Unit): Converts DC to AC and manages load sharing between

power sources.

• Cabling and Connectors: Carry current between components and must be properly insulated and

protected.

Inspection of Solar Panels

Regular inspection ensures that power generation efficiency remains within acceptable limits.

It should be performed visually and electrically.

a) Visual Inspection:

• Examine panels for cracks, burn marks, discoloration, or broken glass.

• Check for dust, bird droppings, or accumulated debris that can block sunlight.

• Verify that all mounting bolts, frames, and fasteners are secure and rust-free.

• Ensure there is no shading from nearby trees, poles, or antennas that can reduce energy

output.

b) Electrical Inspection:

• Use a multimeter to measure panel voltage (open-circuit) and current (short-circuit) values.

• Compare readings with manufacturer specifications and system logs.

• Inspect junction boxes and connectors for water ingress, corrosion, or loose terminals.

• Check the continuity and insulation resistance of cables.

c) Performance Monitoring:

• Observe data from the remote monitoring unit (RMU) to detect any unusual drop in energy

generation.

• Record daily power output and compare with expected generation patterns.
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Cleaning of Solar Panels

Clean panels are crucial for optimum sunlight absorption. Even a thin layer of dust can lower efficiency

by 10–30%.

Steps for Cleaning:

1. Preparation and Safety:

• Disconnect the panel from the power circuit before cleaning.

• Wear insulated gloves, safety glasses, and non-slip footwear.

• Avoid cleaning during midday sunlight or high temperatures to prevent cracks due to sudden

cooling.

2. Cleaning Process:

• Use a soft brush or microfiber cloth to remove loose dirt and debris.

• Wash panels with clean, preferably demineralized water to prevent residue marks.

• Gently wipe using a damp sponge or cloth. Do not use detergents, acidic cleaners, or

pressurized water jets.

• Allow panels to air dry naturally or wipe gently with a soft, lint-free cloth.

3. Post-cleaning Verification:

• Reconnect power supply and check for improved current or voltage readings.

• Update the maintenance log with the date, time, and observations.

Good Practice:

• Clean panels once every 2–4 weeks in dusty environments and every 6–8 weeks in normal

conditions.

• Schedule cleaning early in the morning or late afternoon when panels are cool.

Inspection and Maintenance of Wind Power Systems

Wind turbines are another renewable energy source for telecom towers, particularly in coastal or high-

altitude areas where wind speed is consistent.

Wind systems require careful attention to both mechanical and electrical components, as rotating parts

are prone to wear and vibration damage.

Key Components of a Wind Turbine

• Blades: Capture wind energy and convert it into rotational motion.

• Nacelle: Houses the gearbox, generator, and control systems.

• Tower: Provides height and stability for effective wind capture.

• Controller / Rectifier: Converts generated AC power to DC and regulates charging.

• Brake System: Controls overspeed and ensures safety during high winds.

Inspection of Wind Turbines

a) Mechanical Checks:

• Inspect the tower and foundation for rust, cracks, or loose bolts.

• Ensure that turbine blades are free from dents, cracks, or imbalance.

• Verify that the yaw mechanism and bearings are well-lubricated and rotate smoothly.

Telecom Tower Site Maintenance Technician
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b) Electrical Checks:

• Inspect cables for fraying, corrosion, or rodent damage.

• Check all grounding connections and lightning protection devices.

• Measure the output voltage and current under varying wind speeds.

c) Safety Systems:

• Test the braking system for proper function.

• Ensure the overspeed control mechanism is operational.

• Verify that the turbine shuts down safely during extreme wind conditions.

Cleaning and Maintenance Procedures

• Clean turbine blades and nacelle surfaces to remove dirt, oil, and bird droppings.

• Apply anti-corrosive coating on metallic parts where required.

• Lubricate mechanical joints and bearings according to the manufacturer’s maintenance schedule.

• Replace any damaged or unbalanced blades immediately to prevent structural failure.

• Maintain a detailed inspection record with date, findings, and corrective measures.

Maintenance of Hybrid Power Systems

Hybrid systems integrate solar, wind, DG (Diesel Generator), and battery systems using a hybrid

controller to optimize power usage.

They offer higher reliability and efficiency by automatically switching between power sources based on

availability and load demand.

Routine Inspection Tasks

• Check hybrid controller display and ensure all sources (solar, wind, grid, DG) are detected correctly.

• Verify source-switching operation — for example, from solar to DG when battery voltage drops.

• Inspect all electrical connections for tightness and insulation.

• Ensure proper synchronization between inverter and controller units.

• Monitor charging and discharging rates of the battery bank to prevent overcharging.

Maintenance Tasks

• Clean air vents and ensure adequate cooling around the controller and inverter units.

• Inspect the housing and cable conduits for moisture, dust, and pest entry.

• Check grounding and surge protection devices regularly.

• Record system performance data (voltage, current, energy generation) in the site logbook.

• Update firmware or control software when recommended by the manufacturer.

Safety Precautions

During inspection and maintenance, safety is paramount:

• Always disconnect power sources before performing maintenance.

• Use insulated tools and avoid working with wet hands or on wet surfaces.

• Follow lockout/tagout (LOTO) procedures while servicing turbines or hybrid controllers.

• Ensure proper earthing to prevent electric shock.

• Do not climb towers without harnesses, safety belts, and approved fall-arrest systems.

• Keep fire extinguishers and first-aid kits accessible at all times.
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At a telecom tower site, a steady and reliable power supply is essential to keep communication

equipment running 24×7. Batteries act as backup power sources, storing energy from grid, solar, or

wind systems and supplying it when there’s an outage or power fluctuation.

Different types of batteries are used depending on the site design, load, and energy source.

Understanding these battery types and how to maintain them helps ensure that the telecom network

operates smoothly with minimal downtime.

1. Lead-Acid Batteries

Lead-acid batteries are the oldest and most commonly used type of backup battery in telecom systems.

They are dependable and cost-effective, though they require regular maintenance.

Key Features:

• Commonly used in telecom towers connected to grid or diesel generator (DG).

• Heavy and bulky, but reliable for steady power needs.

• Available in two main forms:

o Flooded (wet cell): Has liquid inside; needs water refilling.

o Sealed Maintenance-Free (SMF): No need to refill water; safer and easier to handle.

Maintenance Guidelines

• Keep the battery area clean, dry, and well-ventilated.

• Check terminals for any corrosion or loose connections.

• For flooded batteries, check electrolyte (water) level regularly and top up with distilled water

only.

• Avoid deep discharge — do not let the battery drain completely.

• Keep all safety caps and vents open to avoid gas buildup.

Common Issues

• Reduced backup time due to aging or overuse.

• Overcharging or undercharging causing reduced lifespan.

• Corrosion or leakage around terminals.

2. Lithium-Ion Batteries

Lithium-ion (Li-ion) batteries are modern, lightweight, and efficient. They are increasingly used in hybrid

telecom sites powered by solar and grid energy.

Key Features

• Compact and lightweight compared to lead-acid.

• Charges faster and provides longer backup cycles.

• Controlled by an electronic system called Battery Management System (BMS) which prevents

overcharging and overheating.

• Needs less frequent maintenance and lasts longer.

2.1.3 Different Battery Technologies, Such as Lead-Acid, 
Lithium-Ion, and Solid-State Batteries, Along with their 
Maintenance Requirements

Telecom Tower Site Maintenance Technician
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Maintenance Guidelines

• Regularly check the BMS display or monitoring system for voltage, temperature, and charge status.

• Ensure the battery cabinet is clean, dry, and away from direct sunlight.

• Tighten all terminal connections properly.

• Do not puncture, bend, or expose to high temperatures.

• Replace only with manufacturer-approved batteries.

Common Issues

• Overheating due to poor ventilation.

• Malfunction in BMS or monitoring circuit.

• Reduced backup if not charged correctly.

3. Solid-State Batteries

Solid-state batteries are advanced versions of lithium batteries, designed to be even safer and longer

lasting.

They are still new in telecom applications but may become common in the future.

• Compact, with higher energy capacity.

• Do not leak or emit gases.

• Safer and more stable under different temperatures.

• Very low maintenance requirement.

Maintenance Guidelines

• Keep battery modules clean and dust-free.

• Ensure all terminals are tight and undamaged.

• Follow manufacturer instructions for charging and storage.

• Avoid mechanical shock or physical damage to battery modules.

4. General Maintenance and Safety Tips for All Battery Types

• Always wear insulated gloves and safety goggles while working with batteries.

• Keep metal tools away from terminals to prevent short circuits.

• Record voltage, current, and backup time in a maintenance logbook.

• Avoid smoking, sparks, or open flames near battery banks.

• Dispose of old batteries through authorized recyclers — never mix with regular waste.

• Check temperature inside battery enclosures; ensure good ventilation.

• Report any swelling, leakage, or abnormal heating to the supervisor immediately.

Summary

Battery Type Key Advantage Maintenance Level Use in Telecom Sites

Lead-Acid Reliable and affordable Moderate – needs regular 
checks

Grid/DG-powered 
towers

Lithium-Ion Lightweight, long life, fast 
charging

Low – monitor through 
BMS

Solar-hybrid sites

Solid-State Safe, compact, durable Very low Emerging technology
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Key Takeaways

• Batteries ensure uninterrupted operation of telecom networks during power failure.

• Each battery type requires specific maintenance and handling practices.

• Keeping the battery environment clean, dry, and ventilated improves lifespan.

• Safe handling and proper record-keeping are as important as technical checks.

Maintenance Requirement

Task Detail Why it's Important

Visual 
Inspection

Check for bulging (sign of internal pressure), 
cracks, or corrosion on terminals. Ensure vent 
caps (if applicable) are clean.

Prevents dangerous failure (e.g., 
explosion) and ensures good 
electrical connection.

Terminal 
Cleaning

Clean corrosion (white/blue-green powder) from 
terminals using a wire brush and a baking 
soda/water solution. Apply petroleum jelly to 
inhibit future corrosion.

Reduces contact resistance, 
ensuring the battery delivers 
full power.

Voltage 
Measurement

Periodically measure the float voltage (the 
constant charge voltage) and compare it to the 
manufacturer's specification. Record the data.

Helps identify a failing cell or 
over/undercharging by the 
power plant.

Torque Check Ensure terminal bolts are tightened to the 
manufacturer's specified torque setting. Never 
overtighten.

Maintains a solid connection 
and prevents terminal damage.

Temperature 
Control

Ensure the battery room/cabinet is kept cool, 
ideally around $20-25^\circ \text{C}$. High 
temperatures drastically reduce lifespan.

High temperature causes faster 
water loss (in flooded type) and 
accelerated plate corrosion.

Specific Gravity 
(Flooded)

Use a hydrometer to measure the specific 
gravity of the electrolyte. Do this only for 
flooded batteries.

Indicates the state of charge 
and consistency of the 
electrolyte.

Maintenance Requirements 

Task Detail Why it's Important

BMS 
Monitoring

The BMS records all essential data (cell voltage, 
temperature, current). Monitor and report BMS 
alarms/fault codes to the site monitoring system 
(NMS).

The BMS is the brain; its data 
determines the health and 
safety of the battery.

Firmware 
Updates

Technicians may need to update the BMS 
firmware as required by the manufacturer. 
Follow SOP exactly to avoid bricking the unit.

Ensures the battery operates 
with the latest efficiency and 
safety features.

Cleaning and 
Ventilation

Keep the battery unit dust-free and ensure air 
inlets/outlets are unobstructed. Li-ion can 
tolerate higher temperatures but still requires 
cooling.

Prevents overheating, which 
can shorten the battery life and 
cause thermal runaway.

Telecom Tower Site Maintenance Technician
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System 
Compatibility

Ensure the site rectifier/power system is 
programmed with the correct charge 
parameters (voltage, current limits) for Li-ion, as 
they differ from lead-acid.

Incorrect charging can severely 
damage or destroy the Li-ion 
battery.

Safety Never open the battery case. If damaged (e.g., 
swelling, smoke, fire), immediately isolate the 
battery from the system and follow 
manufacturer's fire safety procedures (e.g., use a 
$\text{Class D}$ or $\text{ABC}$ extinguisher).

Li-ion batteries pose a fire risk if 
their sealed state is 
compromised.

Testing, Servicing, and Maintaining Battery Banks

Regular testing and maintenance are critical to ensure the battery bank is ready to provide power

instantly during a main supply failure.

Fig. 2.1.2 Battery Bank

1. Lead-Acid Batteries (VRLA & Flooded)

Lead-acid batteries require detailed physical and electrical checks. The common telecom type is the

Valve-Regulated Lead-Acid (VRLA).

Testing Procedures
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Test Tool Procedure Purpose

Float Voltage 
Measurement

Digital 
Voltmeter 
(DMM)

Measure and record the 
individual voltage of every 
cell or $12\text{V}$ 
monoblock while the system 
is charging (in Float Mode).

Checks for cell imbalance. A 
difference of $\pm 0.05\text{V}$ 
between cells indicates a weak or 
failing cell.

Intercell 
Resistance/Imp
edance

Dedicated 
Battery 
Impedance 
Tester

Measure the resistance/ 
impedance across the 
terminals of each cell and 
the intercell connectors.

Best Indicator of State of Health 
(SoH). High impedance indicates a 
poor connection or internal plate 
degradation (sulfation). Record and 
compare to the baseline reading.

Visual/Physical 
Check

Torque 
Wrench, 
Camera

Check for bulging 
(overheating/overcharging), 
cracks, leaks, and severe 
corrosion on terminals. 
Check if the terminal bolts 
are torqued correctly (use 
manufacturer-specified 
settings).

Ensures physical integrity and 
reliable low-resistance connections. 
Loose connections are a major 
cause of failure.

Specific Gravity 
(Flooded Only)

Hydrometer Safety first: Use gloves and 
eye protection. Draw 
electrolyte into the 
hydrometer. Record the 
reading. Repeat for all cells. 
(Must be done when the 
battery is $\sim100\%$ 
charged).

Most accurate indicator of State of 
Charge (SoC) for flooded cells. A 
significant difference ($\ge 0.050$) 
between cells indicates an 
imbalance or a damaged cell.

Capacity Test 
(Discharge 
Test)

Load Bank 
(Periodic, e.g., 
annually)

Disconnect the rectifier and 
place a calibrated load (Load 
Bank) on the battery bank. 
Monitor the voltage drop 
over time against the 
manufacturer's specified 
time/load curve.

The ultimate test to confirm the 
battery can provide the required 
runtime (Ah Capacity).

Servicing and Maintenance

• Terminal Cleaning: If corrosion (white/blue-green powder) is present, neutralize it with a solution
of baking soda and water (1 tablespoon per cup of water). Clean with a wire brush, rinse with clean
water, and thoroughly dry.

• Corrosion Prevention: Apply a thin layer of petroleum jelly or an approved anti-corrosion grease to
the cleaned and tightened terminals.

• Topping Up (Flooded Cells Only): If electrolyte levels are low, add only distilled water (or de-
mineralized water) after the battery is fully charged (to avoid overflow during charging). NEVER
add sulfuric acid.

• Temperature Control: Ensure the battery area temperature is maintained at the manufacturer's
specified range (usually $20^\circ\text{C}$ to $25^\circ\text{C}$). High temperatures drastically
reduce lifespan.

Telecom Tower Site Maintenance Technician
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2. Lithium-Ion (Li-ion) Batteries

Li-ion batteries (specifically $\text {LiFePO}_4$ in telecom) are "Smarter" and require less physical,
hands-on maintenance because the Battery Management System (BMS) handles cell balancing and
charge control.

Testing and Monitoring Procedures

Test Tool Procedure Purpose

BMS Status Check Monitoring 
Software/Front 
Panel Display

Access the BMS data via the 
display or remote monitoring 
system. Check for any Active 
Alarms or Fault Codes.

Confirms the internal 
systems (cell voltage, 
temperature, balance) 
are within safe limits.

State of Health 
(SoH)

BMS Data Check the Cycle Count and the 
Remaining Capacity data logged 
by the BMS. Compare the actual 
capacity to the nominal capacity.

Determines the 
estimated remaining 
lifespan and 
degradation level.

Charging Profile 
Verification

Power Plant 
Controller

Verify that the rectifier's charging 
parameters (Constant Current, 
Constant Voltage, and cutoff 
limits) match the Li-ion 
manufacturer's specifications.

Incorrect charging 
parameters can quickly 
and permanently 
damage a Li-ion 
battery.

Visual Inspection Inspection 
Log/Camera

Check the external casing for 
dents, swelling (a sign of severe 
internal failure/gassing), or 
leaking fluids. Ensure ventilation 
openings are clean.

Swelling or leaks 
indicate a dangerous 
failure and require 
immediate isolation 
and replacement.

Servicing and Maintenance

• Cleaning: Keep the external battery unit and cabinet free of dust and debris to ensure proper
airflow and cooling. Use a soft, dry cloth or vacuum.

• Firmware Management: In some cases, the BMS may require a software/firmware update. This
must be done strictly following the OEM procedure (Original Equipment Manufacturer).

• Connection Check: Periodically check the main DC terminal connections for tightness and
cleanliness, although corrosion is much less common than in lead-acid. Do not open the sealed
unit.

• Handling a Fault: If a BMS alarm or physical swelling is detected, immediately isolate the battery
from the DC system and contact the supervisor/supplier. Do not attempt to repair the internal
cells.

3. Solid-State Batteries (SSB)

Solid-state batteries are an emerging technology. Their design promises even greater safety and
stability than Li-ion, leading to the lowest physical maintenance requirements.

Testing, Servicing, and Maintenance

• Primary Focus: BMS and System Monitoring: Since the electrolyte is solid and non-flammable, the
maintenance shifts almost entirely to digital monitoring via the BMS.

• Testing: Follow the Li-ion BMS procedures (Checking Alarms, SoH, and Cycle Count).

• Servicing: Limited to external cleaning, connection verification, and firmware updates.



34

• Key Advantage: The solid electrolyte reduces the risk of thermal runaway and plate degradation,
meaning physical inspections for swelling and leaks are less critical (though still required)
compared to Li-ion.

• Technician Role: Will involve data analysis of the BMS logs (voltage, temperature, impedance) to
predict failure rather than physical interventions.

2.1.4 Principles of Predictive Maintenance and Fault Analytics 
for Early Issue Detection in Power and Cooling Systems

Telecom towers rely on power and cooling systems to keep equipment running smoothly. Any failure in

these systems — such as a dead battery, faulty rectifier, or malfunctioning air conditioner — can lead to

network downtime, service disruption, and financial losses.

Predictive maintenance and fault analytics are approaches used to detect potential problems early, so

maintenance can be performed before a failure occurs. Unlike reactive maintenance (fixing things after

they break) or routine maintenance (scheduled checks), predictive maintenance focuses on monitoring

system health continuously and taking action based on real data.

Predictive Maintenance (PdM)

Predictive Maintenance (PdM) is a modern strategy that uses data, tools, and analysis to predict when a

piece of equipment is likely to fail. This allows you to schedule maintenance (like replacing a fan or

cleaning a filter) just before the failure happens, instead of fixing it after it causes an outage (Reactive

Maintenance) or fixing it too early (Preventive Maintenance).

Key Principles:

1. Condition Monitoring:

• Continuously track key parameters such as voltage, current, temperature, fan speed, and

battery charge/discharge cycles.

• Sensors and remote monitoring units collect real-time data.

2. Trend Analysis:

• Look for patterns that indicate possible degradation, e.g., rising battery temperature,

fluctuating voltage, or compressor inefficiency.

• Identify changes from normal performance to predict failures.

3. Data-Driven Decision Making:

• Maintenance is scheduled based on actual equipment condition, not just time intervals.

• Helps prioritize critical tasks and allocate resources efficiently.

4. Early Detection of Faults:

• Small anomalies such as unusual noise in a cooling fan, vibration in a DG set, or slow battery

charging can signal bigger problems.

• Addressing these early avoids major breakdowns.

Telecom Tower Site Maintenance Technician
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Fault Analytics in Telecom Power and Cooling Systems

Fault analytics is the process of using data collected from equipment to identify the cause of a potential

failure.

Examples in Power Systems:

• Battery voltage drops faster than usual → battery may be degrading.

• Rectifier output fluctuates → possible component failure.

• Diesel generator fuel consumption rises → efficiency problem or maintenance needed.

Examples in Cooling Systems:

• Air conditioner running continuously → fan or compressor issue.

• Temperature inside shelter rising above set limits → poor airflow, dirty filters, or faulty thermostat.

Benefits of Fault Analytics:

• Reduces unplanned downtime.

• Minimizes repair costs by fixing issues before they escalate.

• Helps optimize energy usage and system efficiency.

• Provides historical data to improve future maintenance planning.

Tools and Techniques for Predictive Maintenance

1. Remote Monitoring Systems (RMS):

• Collect real-time data on batteries, rectifiers, and cooling units.

• Alerts the technician when any parameter exceeds preset limits.

2. Software Dashboards:

• Display trends and charts for voltage, current, temperature, and fan operation.

• Help identify anomalies visually.

3. Simple On-Site Checks:

• Temperature checks of batteries and electronics.

• Observing unusual sounds, vibrations, or smells.

4. Basic Analytics:

• Compare current performance to standard or baseline values.

• Flag components that are operating outside safe limits.

Key Practices for Technicians

• Regularly monitor equipment logs and alarms from RMS.

• Understand the normal operating ranges for batteries, rectifiers, and cooling systems.

• Investigate any warning signs early, e.g., rising temperatures, unusual sounds, or irregular voltage.

• Schedule preventive repairs or replacements based on trend analysis rather than waiting for

failure.

• Maintain documentation of observed trends and corrective actions for future reference.
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2.1.5 Use of Remote Monitoring Tools to Track Site Condition, 
Analyze Downtime, and Predict Failures Using Data Analytics

Remote monitoring is essential for modern telecom sites, especially unmanned ones.1 It uses a Remote

Monitoring System (RMS), also called a Network Operations Centre (NOC) or Master Station, to track all

site conditions instantly.

Here is how you use remote monitoring tools to track site condition, analyze downtime, and predict

failures.

1. Tracking Site Condition in Real-Time

The Remote Monitoring System (RMS) collects data from sensors and Remote Terminal Units (RTUs)

installed at the telecom site.

A. The Dashboard View

As a technician, you view the site condition on a centralized dashboard.

This dashboard provides the real-time status of the most critical systems:

System Parameter What the RMS Monitors Technician Action based on Status

Power Input 
(Mains/Grid)

Voltage, Current, Availability 
(AC ON/OFF)

Verifies if the site is running on primary power 
or backup (battery/DG). A "Mains Fail" alarm 
initiates generator startup checks.

Backup Battery Float Voltage, Charge 
Current, Temperature

Checks State of Health (SoH). A sharp 
temperature spike or high internal resistance 
indicates a failing battery pack.

Cooling (HVAC/AC) Shelter/Cabinet 
Temperature, AC Run Status, 
AC Current Draw

Confirms the shelter is cool 
($20^\circ\text{C}$ to $25^\circ\text{C}$). 
High current draw suggests a fault (e.g., 
refrigerant leak, dirty coil).

Generator (DG) Fuel Level, Run Hours, 
Engine Status, Battery 
Voltage

Ensures fuel is adequate. A sudden drop in 
fuel level triggers a pilferage/theft alarm.

Security Door Sensors, Motion 
Detectors

A "Door Open" alarm, especially outside of 
scheduled visits, triggers a security alert and 
video verification.

B. Alarm Management

The RMS generates an alarm when any monitored parameter exceeds a predefined threshold.5

• Warning Alarm (Minor): A temperature is slightly high ($28^\circ\text{C}$). The technician

monitors this and schedules a non-urgent inspection.

• Critical Alarm (Major): The Battery Low Voltage Disconnect threshold is reached ($46\text{V}$).

This requires immediate remote action (e.g., trying to reset the rectifier) or an emergency site visit.

2. Analyzing Downtime using RMS Data (Fault Analytics)

When a service outage (downtime) occurs, the RMS provides the data needed to perform a Root Cause

Analysis (RCA).

Telecom Tower Site Maintenance Technician
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A. Event Log Correlation

The RMS records every event chronologically. Downtime analysis requires looking at the events that

occurred just before the site went down.

Event Time Event Type Data Value Interpretation

10:00:00 Mains Power Fail Mains $\text{AC} = 0$ The grid power was lost.

10:00:05 DG Start Attempt Status: Failure Generator did not start 
(Fault).

10:45:00 Battery Low Voltage $\text{DC Voltage} = 
46\text{V}$

Battery backup is exhausted 
due to DG failure.

10:45:05 Site Down RF Signal Lost The immediate cause of 
downtime.

Analysis: By correlating the data, the technician confirms the root cause was the DG Start Failure, not the
power outage itself. This directs the repair team to specifically check the DG battery or fuel system.

B. Calculating Key Performance Indicators (KPIs)

The RMS data is used to calculate KPIs that show overall network reliability:6

• Uptime Percentage: The total time the site was operational, usually above $99\%$.

• MTTR (Mean Time To Repair): The average time taken to fix an issue once an alarm is raised. RMS
records the alarm time and the fix time, helping track maintenance team efficiency.

3. Predicting Failures using Data Analytics

This is the shift from Reactive to Predictive maintenance. Analytics uses historical data patterns to
forecast when a component will fail.

A. Trend Analysis

The technician or the RMS software constantly plots the condition data over time to look for negative
trends.

• Battery Example: Instead of waiting for the battery voltage to drop during a power cut, the RMS
tracks the battery's Internal Impedance (resistance).

o If the impedance was 5mΩ last year and is now 10mΩ the system flags a 100% degradation.

o Prediction: The system calculates, "Based on this trend, this battery will reach the critical failure
level (15mΩ) in 45 days."

o Action: The technician schedules the replacement in 30 days, preventing a sudden outage.

B. Remote Diagnostics

The RMS can often execute small remote checks based on data.

• Suspicion: The shelter temperature is slowly creeping up.

• Remote Action: The technician remotely checks the runtime hours of the two main AC units (AC1
and AC2).

• Finding: If AC1 has been running constantly for 48 hours while AC2 is off, the RMS suggests an AC2
failure. The technician can attempt a remote reset of AC2. If the problem persists, they send a
technician with the correct AC spare part, rather than just going for a general site inspection. This
saves time, fuel, and cost.
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Remote Monitoring and Management Systems RMS are the eyes and ears of a technician for unmanned
telecom sites. The RMS collects real-time data from all site equipment and provides a central dashboard
view, allowing a small team to manage hundreds or thousands of remote towers efficiently.

1. Energy Tracking and Optimization

Energy consumption is the single biggest operational cost for a telecom tower. The RMS is designed to
track and manage energy usage to maximize efficiency.

A. Real-Time Energy Metering

The RMS continuously measures and logs power parameters from every source and critical load.

• AC Grid Input: Records AC voltage, current, power factor, and total kWh consumption. This
identifies sites with erratic grid supply or high consumption.

• DC Power Output: Monitors the rectifier's DC voltage and current to the equipment and batteries.
This confirms if the power system is operating efficiently.

• Critical Loads: Tracks the energy used by key components like the HVAC (cooling unit) and the radio
equipment.

• Generator DG Monitoring: Measures the number of run hours and tracks the fuel level via smart
sensors. The RMS calculates the fuel consumption rate L to spot sudden drops (theft) or inefficient
engine operation.

B. Energy Optimization and Reporting

The RMS uses the tracked data to generate reports for cost control and efficiency.

• Source Switching Logic: The RMS automatically controls the power source, prioritizing the lowest-
cost option (e.g., Solar, Grid, Battery, DG) to save fuel and reduce reliance on expensive grid power.

• PUE (Power Usage Effectiveness) Tracking: It calculates the ratio of total site power to the power
used by the IT equipment, helping identify and fix energy wastage in the cooling or power
infrastructure.

2. Alarm Detection and Notification

The RMS is the primary system for fault detection, providing immediate alerts to prevent minor issues
from becoming major outages.

A. Threshold-Based Alarming

The RMS has set limits (thresholds) for every parameter.9 When a reading crosses a limit, an alarm is
triggered.

2.1.6 Use of Remote Monitoring and Management Systems for 
Energy Tracking, Alarm Detection, and Asset Health Monitoring

Alarm Level
Trigger 

Condition
Example Action Required by Technician

Warning/Minor Parameter 
nearing a critical 
limit.

Shelter temperature rises 
to 28 degree celcius (limit 
is 30 degree celcius).

Acknowledge the alert; remotely 
check AC status; schedule non-
urgent check.

Critical/Major Parameter 
crosses a failure 
limit.

Battery voltage drops 
below the Low Voltage 
Disconnect (LVD) point.

Immediate response (within 
minutes) to check DG status or 
restore power.

Informational A normal, non-
threatening 
status change.

Someone opens the 
security gate during a 
scheduled maintenance 
window.

Logged for security audit; no 
immediate action needed.

Telecom Tower Site Maintenance Technician
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B. Automated Reporting and Escalation

The system is responsible for ensuring the right person gets the right information instantly.

• Notification: Alarms are instantly sent via multiple channels like SMS, email, and mobile apps to the
designated technician or the Network Operations Centre (NOC)

• Escalation: If a critical alarm is not acknowledged or resolved within a set time (e.g., 15 minutes),
the RMS automatically escalates the alarm to the next level of management.

3. Asset Health Monitoring

Asset Health Monitoring uses the real-time data to assess the physical condition and remaining life of
expensive site equipment, enabling Predictive Maintenance.

A. Battery Health Monitoring (BHM)

Batteries are the most critical asset for backup power. The RMS uses the Battery Management System
BMS data for advanced monitoring.

• Internal Resistance/Impedance Trend: By tracking the impedance of each battery cell over months,
the RMS can identify a weak cell before it fails during a power cut. A rising impedance trend signals
the need for replacement.

• Cycle Count: For Li-ion batteries, the RMS tracks the number of charge/discharge cycles
performed, helping predict its end-of-life based on manufacturer specifications.

B. Equipment Performance Degradation

The RMS uses trending data to predict failures in cooling and power hardware:

• AC Performance: If the AC run time increases significantly during similar outdoor temperatures, the
RMS flags the unit as inefficient (e.g., dirty air filters, low refrigerant) before it completely fails.

• Rectifier Health: Monitoring the rectifier's output ripple voltage (voltage fluctuations) can warn of
internal component degradation (like failing capacitors) weeks before a major power failure
occurs.

• Remote Control: Advanced RMS allows the technician to perform remote commands (like
restarting the AC unit or turning the DG ON/OFF) to perform initial troubleshooting or bring a failed
asset back online without an immediate site visit.

2.1.7 Track, Analyze, and Optimize Energy Consumption, 
Including Identifying Inefficiencies In Battery Charging Cycles 
and Rectifying Power Losses
Telecom tower sites require a continuous and stable power supply to ensure uninterrupted network
services. Power is usually drawn from a mix of sources — grid electricity, diesel generator (DG), and
renewable systems such as solar or wind.

Since power contributes to one of the highest operating costs for telecom sites, tracking and optimizing
energy consumption is vital.

Technicians play a key role in recording, analyzing, and improving how energy is used across different
systems like rectifiers, batteries, air conditioners, and lighting.
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What Is Energy Tracking?

Energy tracking involves continuously monitoring how much power is being generated, stored, and
consumed at the telecom site.

It helps technicians answer key questions like:

• How efficiently are we using power sources (grid, solar, DG)?

• Are the batteries charging and discharging properly?

• Where are the highest energy losses occurring?

Tracking can be done manually through meter readings and logbooks, or automatically using remote
monitoring dashboards.

Fig. 2.1.3 Telecom power system monitoring

Analyzing Energy Consumption

Once data is collected, it needs to be analyzed to find inefficiencies.

Energy analysis involves reviewing:

• Daily energy usage trends from each source

• Fuel consumption rates in DG sets

• Battery charge and discharge performance

• AC unit operation patterns (overuse increases power draw)

A technician should regularly review these trends to ensure systems are operating within recommended
ranges.

Example:

If a site uses unusually high DG fuel despite good solar generation, it could mean solar power isn’t feeding
into the system properly — possibly due to inverter or wiring issues.

Telecom Tower Site Maintenance Technician
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Understanding Battery Charging Cycles

Batteries are one of the most important components of a telecom power system.

They store energy and supply backup power during outages. However, improper charging and
discharging can reduce their lifespan and efficiency.

Key terms (simplified):

• Charging cycle: The process of charging and discharging once.

• Depth of discharge (DoD): How much of the battery’s capacity is used.

• Overcharging: Charging beyond capacity, which causes heat buildup and cell damage.

• Undercharging: Not fully charging the battery, leading to sulfation (in lead-acid batteries) or reduced
storage in lithium-ion ones.

Signs of inefficient charging cycles:

• Batteries heating up abnormally

• Reduced backup time

• Frequent low-voltage alarms

A technician can identify these inefficiencies by observing voltage, current, and temperature readings
during maintenance checks or through monitoring tools.

Rectifying Power Losses

Power losses can occur in several areas of the telecom site.

Common causes include:

• Loose or corroded cable connections

• Damaged insulation or old wiring

• Unbalanced load between power sources

• Low power factor (inefficient conversion of electricity)

• Continuous running of non-essential systems like lights or AC

Optimizing Energy Efficiency

After analyzing data and fixing power losses, the final step is optimization — ensuring the site uses
minimum energy for maximum performance.

Fig. 2.1.2 Technician checking electrical 
connections telecom tower

Steps to rectify power losses:

• Inspect and tighten all electrical connections.

• Clean and maintain power interfaces (Rectifier, PIU,
SMPS).

• Monitor load balancing across multiple sources.

• Replace faulty cables or fuses.

• Adjust AC settings to optimal temperature levels to
reduce energy waste.
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Techniques to optimize energy usage:

• Schedule preventive maintenance to keep systems clean and efficient.

• Use hybrid systems (solar + DG + grid) to reduce diesel use.

• Ensure correct battery charging using manufacturer settings.

• Install LED lighting and efficient air conditioners.

• Regularly review monitoring dashboards for unusual patterns.

Result: Lower energy bills, longer equipment life, and improved site uptime.

Energy tracking and optimization help telecom maintenance technicians maintain efficient, reliable, and
cost-effective power systems. By keeping a close watch on energy trends, battery performance, and
power losses, technicians can:

• Prevent unnecessary downtime

• Reduce operating costs

• Increase equipment lifespan

Efficient energy management not only ensures network reliability but also supports environment-friendly
operations — a key goal in modern telecom infrastructure.

2.1.8 Importance of Maintaining an Inventory of Spare Parts 
for Power and Maintenance Activities

Every telecom tower site depends on a variety of electrical, electronic, and mechanical components to
function smoothly — such as rectifiers, SMPS units, cables, batteries, fuses, and air conditioners.

During maintenance or fault repair, if even one of these parts is missing or delayed, it can lead to
extended downtime, service disruption, and customer dissatisfaction.

That’s why it is essential for every technician or site in-charge to maintain a proper inventory of spare
parts and consumables needed for day-to-day maintenance and emergency repairs.

What Is an Inventory of Spare Parts?

An inventory of spare parts refers to a well-maintained list and physical stock of all critical components,
tools, and consumables that may be required for power or equipment maintenance.

Typical inventory items include:

• Electrical parts: Fuses, connectors, relays, cables, circuit breakers.

• Power system parts: Rectifiers, PIU modules, SMPS cards, battery cells.

• Mechanical parts: Fasteners, brackets, mounts, clamps, cooling fans.

• Consumables: Lubricants, cleaning agents, filters, insulation tapes.

Maintaining this inventory helps ensure that whenever a component fails, a replacement is immediately
available, reducing repair time and ensuring uninterrupted site operation.

Telecom Tower Site Maintenance Technician
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Importance of Spare Parts Inventory Management

1. Minimizes Downtime

A telecom site runs 24×7. If a rectifier, fuse, or battery fails and a spare is unavailable, network downtime
can last for hours or even days.

Having the right spare on-site allows quick replacement and faster service restoration.

Example:

If a site’s SMPS unit fails at night, having a spare module available allows the technician to restore power
within minutes instead of waiting for external supply.

2. Ensures Operational Continuity

Telecom networks rely on continuous connectivity. A well-stocked inventory ensures uninterrupted
power flow and stable network performance, especially in remote or difficult-to-access areas where
delivery time may be long.

3. Reduces Maintenance Delays

Scheduled maintenance activities often involve replacing worn-out parts like filters, connectors, and
cables.

If these are not available, the entire maintenance task may get delayed, affecting performance or safety.

Proper inventory ensures that preventive maintenance is completed on time.

4. Saves Cost in the Long Run

While maintaining spares requires some investment, it ultimately reduces overall costs by avoiding:

• Emergency procurement at higher prices

• Equipment damage due to delayed replacement

• Extended use of faulty components leading to larger failures

A planned inventory system helps control expenses and improves efficiency.

5. Supports Predictive and Preventive Maintenance

When predictive maintenance systems (like remote monitoring tools) alert about potential faults, the
technician can act immediately — but only if spare parts are available.

Thus, inventory management complements data-driven maintenance by ensuring readiness.

6. Improves Accountability and Record Keeping

A well-managed inventory system records:

• Quantity and type of parts available

• Usage and replacement history

• Supplier details and reorder levels

This promotes accountability, helps in audit compliance, and ensures that the right spare is used for the
right equipment.

Key Practices for Maintaining Spare Parts Inventory

To keep the spare parts system effective, the technician should follow these good practices:



44

Good Practice Purpose

Keep a physical and digital record of all items For easy tracking and auditing

Label each item clearly To identify correct parts quickly

Store items in clean, dry, and organized racks Prevent damage or confusion

Conduct periodic stock checks Ensure availability and avoid overstocking

Reorder before critical spares run out Maintain continuity during faults

Dispose of obsolete or damaged parts Keep inventory up to date

Maintaining an inventory of spare parts is a core responsibility of every telecom tower maintenance
technician.

It ensures:

• Faster fault repair and reduced downtime

• Smooth preventive and predictive maintenance

• Cost-effective and reliable site operations

Efficient inventory management reflects professionalism and preparedness, directly contributing to
network reliability and customer satisfaction.

Telecom Tower Site Maintenance Technician
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By the end of this unit, the participants will be able to:

1. Explain how fault diagnosis using data analytics can improve telecom site maintenance.
2. Show how to identify, troubleshoot, and repair site faults, including power failures, hardware

malfunctions, and faulty power components like batteries, rectifiers, and fuses.
3. Explain the standard safety procedures for electrical and mechanical maintenance at telecom sites.
4. Demonstrate how to inspect and rectify faults in grounding systems to ensure electrical safety.
5. Show how to perform emergency repairs on alternative power sources to maintain site uptime.
6. Discuss telecom site infrastructure, including shelters, tower structures, and power distribution.
7. Show how to conduct preventive maintenance on telecom enclosures, cable connections, and

environmental control units.
8. Demonstrate how to monitor, calibrate, and troubleshoot power interface units (PIU), SMPS, Diesel

Generators (DG), and air conditioning systems.
9. Show how to perform load balancing and ensure efficient energy distribution at the site.
10. Demonstrate how to restore connectivity by addressing transmission failures and alarm-triggered

events.
11. Demonstrate how to report issues such as fuel consumption, security breaches, or material theft to

the supervisor.

2.2.1 Fault Diagnosis and Uses of Data Analytics to Improve 
Telecom Site Maintenance

UNIT 2.2: Fault Diagnosis, Site Infrastructure, and Safety

Unit Objectives

A telecom tower site operates with many interconnected systems — power supply, batteries, cooling

units, communication devices, and sensors. When any of these systems fails, it can affect network

performance, cause service disruption, and increase maintenance costs. Traditionally, faults were

identified after a failure occurred — for example, when a power unit stopped working or an alarm was

triggered. However, with the help of data analytics, technicians can now detect problems early,

understand their root causes, and take preventive action before the fault becomes critical.

Fig. 2.2.1 Telecom tower monitoring dashboard

Telecom Tower Site Maintenance Technician



47

Participant Handbook

2.2.2 Identify, Troubleshoot, and Repair Site Faults, Including 
Power Failures, Hardware Malfunctions, and Faulty Power 
Components Like Batteries, Rectifiers, and Fuses

A telecom tower site operates continuously, powered by

multiple systems — grid supply, DG sets, solar panels,

rectifiers, and batteries.

Any fault or interruption in these systems can affect network

uptime and result in service loss.

As a Telecom Tower Site Maintenance Technician, your key

responsibility is to identify the problem quickly, diagnose the

root cause, and repair or replace faulty components to

restore site functionality safely and efficiently.

Understanding Site Faults

A fault is any condition that causes a system to operate

abnormally or stop working.

Common site faults include:
Fig. 2.2.2 Technician testing rectifier unit

Type of Fault Examples Impact

Power failure Grid outage, DG malfunction, fuse blown Total site shutdown

Battery fault Battery not charging/discharging properly Short backup time

Rectifier issue Overheating, output voltage drop Equipment power instability

Cooling fault AC not working or airflow blocked Overheating of equipment

Hardware fault Loose connections, broken switches Erratic system behaviour

Each fault requires careful identification, step-by-step diagnosis, and safe repair action.

Step 1 – Identifying Site Faults

Fault identification begins with observation and monitoring.

A technician should regularly check:

• Alarms from Remote Monitoring System (RMS) or Power Interface Unit (PIU)

• Indicator LEDs on rectifiers, SMPS, or batteries

• Voltage and current readings using meters

• Physical signs like burning smell, overheating, or loose connections

• Sound or vibration changes from equipment

Examples of fault indicators:

• Red or blinking LEDs → system fault

• Low voltage or zero output → power loss

• Excessive battery temperature → overcharging or internal short
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Tip: Always confirm multiple signs before assuming a specific fault.

Step 2 – Troubleshooting Process

Troubleshooting means systematically checking possible causes of a problem until the correct one is

found.

Basic troubleshooting flow:

1. Observe and record the symptoms (e.g., “Rectifier output showing 0V, site running on battery”).

2. Check for simple causes first – power switch off, tripped circuit breaker, blown fuse.

3. Isolate the faulty section – Is the fault in grid supply, DG, or DC system?

4. Use test tools – Multimeter, clamp meter, insulation tester, or remote monitoring system.

5. Compare readings with standard operating ranges.

6. Identify and confirm the root cause.

Step 3 – Repairing Common Faults

Once the problem is identified, proceed to safe and correct repair.

Some common examples are given below.

A. Power Failure

• Check input grid supply and DG auto start function.

• Inspect fuses, breakers, and PIU output.

• Reset tripped breakers or replace blown fuses.

• Verify DG fuel and oil levels if auto start fails.

B. Battery Fault

• Inspect for corrosion or loose cable joints.

• Measure voltage of each battery cell.

• Replace cells showing low or zero voltage.

• Ensure proper polarity and secure terminal tightening.

• Recharge and monitor for stable voltage before reconnecting.

C. Rectifier or SMPS Fault

• Observe fault/alarm indicator lights.

• Check input AC supply to the rectifier.

• Test DC output with a multimeter (should be ~48V DC for telecom systems).

• Replace faulty modules if no output or overheating.

• Verify with load test after replacement.

D. Fuse or Connection Fault

• Always isolate power before checking fuses.

• Remove fuse and inspect for burnt wire or discoloration.

• Replace with same-rated fuse (voltage/current).

• Tighten loose lugs and cable ends properly.

Telecom Tower Site Maintenance Technician
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Safety Precautions During Fault Repair

Safety is the first priority while diagnosing or repairing site faults.

Always follow these precautions:

• Wear insulated gloves and shoes.

• Switch off the power supply before touching live circuits.

• Use properly rated test instruments.

• Never bypass fuses or safety relays.

• Follow lockout/tagout (LOTO) procedures where applicable.

• Ensure grounding system is intact before re-energizing equipment.

Step 4 – Verification and Documentation

After repairs, always verify that the system is restored to normal operation.

• Recheck voltage and current readings.

• Confirm that all alarms are cleared on the RMS.

• Record fault details, cause, action taken, and replaced parts in the maintenance logbook or digital

app.

• Report major faults and parts replaced to the supervisor.

Sample fault log entry table with columns:

Fault | Cause | Action | Date | Technician

Here is a clean sample fault log entry table you can use:

Fig. 2.2.1 Technician wearing PPE while working on electrical panel

Safety Precautions During Fault Repair

Safety is the first priority while diagnosing or repairing site faults.

Always follow these precautions:

• Wear insulated gloves and shoes.

• Switch off the power supply before touching live circuits.

• Use properly rated test instruments.

• Never bypass fuses or safety relays.

• Follow lockout/tagout (LOTO) procedures where applicable.

• Ensure grounding system is intact before re-energizing equipment.
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Step 4 – Verification and Documentation

After repairs, always verify that the system is restored to normal operation.

• Recheck voltage and current readings.

• Confirm that all alarms are cleared on the RMS.

• Record fault details, cause, action taken, and replaced parts in the maintenance logbook or digital

app.

• Report major faults and parts replaced to the supervisor.

Sample fault log entry table with columns: Fault | Cause | Action | Date | Technician

Here is a clean sample fault log entry table you can use:

Fault Cause Action Taken Date Technician

No network 
signal at site

Faulty RF cable 
connection

Inspected RF feeder, 
tightened connectors, tested 
VSWR, restored connectivity

28-Oct-2025 R. Kumar

DG not starting Low fuel and battery 
voltage drop

Refueled DG, checked battery 
terminals, jump-started, 
ensured auto-start mode 
enabled

28-Oct-2025 A. Singh

High 
temperature 
alarm in shelter

AC unit airflow 
blocked

Cleaned AC filter, verified fan 
operation, reset temperature 
controller

27-Oct-2025 S. Verma

Rectifier 
module failure

Module hardware 
fault

Replaced damaged rectifier 
module and verified load 
sharing

26-Oct-2025 P. Mishra

Transmission 
link down

Fiber connector dust 
contamination

Cleaned fiber connectors, re-
seated SFP module, link 
restored

25-Oct-2025 V. Yadav

Effective fault identification and repair are essential for ensuring telecom tower uptime and network

reliability.

By following a systematic troubleshooting process, using data readings, and maintaining safety discipline,

technicians can quickly restore site operations and prevent recurring issues.

Telecom Tower Site Maintenance Technician
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2.2.4 Standard Safety Procedures for Electrical and 
Mechanical Maintenance at Telecom Sites

Safety is one of the most critical aspects of working at a telecom tower site.

Technicians often work around high-voltage electrical systems, heavy batteries, DG sets, and mechanical
equipment. A single mistake can lead to electric shock, fire, equipment damage, or injury.

Following standard safety procedures ensures personal protection, prevents accidents, and maintains the
smooth operation of telecom infrastructure.

Fig. 2.2.3 Technician in PPE working near telecom tower equipment

Key Safety Principles

Before starting any maintenance work, every technician should follow these three safety principles:

ÅThink Before You Act – Understand the system and possible hazards.

ÅStay Alert and Aware – Always check your surroundings for live wires, fuel leaks, or moving machinery.

ÅFollow Procedures, Not Shortcuts – Use only approved methods and tools.

Personal Protective Equipment (PPE)

Always wear PPE appropriate for the task.

Type of PPE Purpose

Insulated gloves and shoes Protect against electric shock

Safety helmet Prevent head injury from falling objects

Safety harness Essential for working at tower height

High-visibility jacket Visibility in low-light areas

Safety goggles Protection from sparks or dust

Ear protection When near running DG sets or machinery

Fire-resistant clothing For electrical maintenance zones
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Electrical Safety Procedures

Electrical systems at telecom sites include batteries, rectifiers, inverters, DG sets, and power distribution
units.

These operate at high voltages and require strict precautions.

Standard electrical safety procedures:

1. Power Isolation Before Work

• Always switch off and isolate power supply before starting maintenance.

• Use the Lockout–Tagout (LOTO) method to ensure power cannot be turned on accidentally.

2. Use Insulated Tools

• Handle wires and terminals only with insulated pliers, screwdrivers, and gloves.

3. Check for Live Circuits

• Use a multimeter or tester to verify if the circuit is de-energized before touching.

4. Proper Grounding

• Confirm that tower, DG, and all metal structures are properly earthed.

• Never remove grounding connections during operation.

5. Avoid Wet Conditions

• Do not perform electrical work in rainy or damp conditions.

• Keep cables and equipment dry.

6. Handle Batteries with Care

• Avoid shorting terminals.

• Do not place metallic tools on batteries.

• Ensure good ventilation when working with batteries to avoid gas build-up.

7. Fuse and Breaker Safety

• Replace fuses only with the same rating.

• Never bypass a fuse or circuit breaker.

8. Report and Label Faulty Equipment

• Any damaged wire, plug, or socket should be labeled ‘Do Not Use’ until repaired.

Mechanical Safety Procedures

Mechanical components include tower structures, DG sets, air conditioning systems, fans, and lifting
equipment. They pose risks of injury if not handled properly.

Standard mechanical safety measures:

1. Pre-Work Inspection

• Check all tools, ladders, and lifting devices for damage before use.

• Ensure bolts, joints, and guards are secure.

2. Safe Working at Heights

• Use a full-body safety harness attached to a strong anchorage point.

• Never climb when the surface is slippery or during bad weather.

• Maintain three-point contact (two hands and one foot, or two feet and one hand) while climbing.

3. Moving Equipment Safety

• Keep hands, clothing, and tools away from rotating machinery (DG set fan, belts, etc.).

• Do not operate DG or fans with open covers.
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4. Lifting and Handling

• Lift heavy batteries or equipment using proper posture or lifting aids.

• Team-lift heavy components like rectifiers or battery banks.

5. Fire Safety

• Keep fire extinguishers (CO₂, dry powder type) available near power and fuel areas.

• Know how to use them for electrical and fuel fires.

6. Ventilation

• Ensure good airflow around DG and battery areas to prevent overheating or gas accumulation.

7. Noise and Vibration

• Wear ear protection when working near running DGs or compressors.

• Stand clear of vibrating machinery during operation.

General Site Safety Practices

• Keep the work area clean and free of cables or tools lying around.

• Follow signage and warning labels.

• Do not smoke or use open flames near fuel or batteries.

• Store tools and spares in designated areas.

• Maintain an emergency contact list and know the nearest medical facility.

• Participate in regular safety drills and toolbox talks.

Emergency Procedures

In case of an accident, fire, or electrical shock:

Å Do not panic — stay calm and alert others.

Å Switch off the main power supply immediately.

Å Use fire extinguishers for small fires (CO₂ type for electrical).

ÅMove injured persons away from live circuits using non-conductive materials (wood, rubber).

Å Provide first aid and call for medical assistance immediately.

Å Report the incident to the site supervisor and record in the safety log.

Following standard safety procedures is not optional—it’s essential. Electrical and mechanical systems at
telecom sites can be hazardous if handled carelessly. Adhering to proper safety guidelines ensures both
technician protection and network reliability.

2.2.5 Demonstrate How to Inspect and Rectify Faults in 
Grounding Systems to Ensure Electrical Safety
1. Safety First

• PPE: Always wear appropriate Personal Protective Equipment (PPE), including insulated gloves,

safety glasses, and safety shoes.

• LOTO: Implement Lock-Out/Tag-Out (LOTO) procedures where applicable, especially when working

on or near equipment that could be energized.

• Tools: Use insulated and properly calibrated tools and test equipment (e.g., Earth Resistance

Meter, Multimeter).
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2. Grounding System Inspection Procedures

The primary goal is to visually and electrically verify the integrity of the Grounding Electrode System (GES)
and its connections.

Visual Inspection

Component Inspection Focus Faults to Look For

Grounding Conductors (Main & 
Bonding)

Continuous run, proper sizing, 
mechanical damage.

Cuts, frays, corrosion, loose 
clamps, undersized cable.

Grounding Electrodes (Rods, 
Mats)

Visibility, proper burial depth (if 
accessible), connection point.

Corrosion at connection, broken 
rods, disturbed soil.

Connection Points (Lugs, Clamps, 
CAD-Welds)

Tightness, corrosion, integrity of 
the weld.

Loose bolts, signs of 
arcing/overheating, heavy rust, 
failed weld.

Surge Protection Devices (SPDs) Connection integrity, damage 
indicators (if present).

Loose wiring, burnt marks, 
tripped indicators.

Grounding Busbar Cleanliness, proper termination 
of all conductors, secure 
mounting.

Dust/dirt, loose connections, 
missing labels.

Soil Conditions Evidence of significant water 
pooling or extreme dryness.

Saturated or extremely arid 
conditions (affects resistance).

Electrical Inspection (Resistance Measurement)

1. Isolate: Disconnect the main grounding conductor from the equipment/busbar being tested (if safe
and practical) to measure the true earth resistance of the electrode system.

2. Setup: Use a calibrated Earth Resistance Meter (e.g., a 3-point fall-of-potential tester).

3. Procedure (Fall-of-Potential Method):

• Connect the 'E' (Earth) terminal to the grounding electrode under test.

• Drive two auxiliary test spikes into the ground: 'P' (Potential) and 'C' (Current).

• Measure the resistance at varying distances to find the plateau (true resistance).

4. Target Value: Record the measured resistance ($\Omega$). The typical maximum allowable Earth
Resistance for telecom sites is often $<5 \Omega$ (check local standards and site specifications).

3. Rectification of Grounding System Faults

Based on the inspection results, perform the necessary corrective actions.
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Observed Fault Rectification Action

High Earth Resistance 
(R > 5 Ω)

1. Chemical Treatment: Add Bentonite clay or a conductive compound 
around the rod. 2. Install additional earth electrodes (grounding rods) and 
connect (bond) them together either in a triangular configuration or in a 
straight-line array, ensuring a minimum spacing of 2 meters between each 
rod.3. Deepening: If possible, drive existing rods deeper.

Corroded/Loose 
Connections

1. Clean: Disassemble the connection, clean the cable and lug surfaces with a 
wire brush. 2. Tighten: Reassemble using anti-oxidant compound and tighten 
to specified torque. 3. Replace: If severely corroded or damaged, replace the 
clamp, lug, or section of conductor.

Damaged Conductor 
(Cut/Frayed)

Repair/Replace: Replace the damaged section of the grounding conductor 
with a new conductor of the same or greater gauge. Ensure connections are 
made with proper CAD-welds or high-quality compression/mechanical 
connectors.

Damaged CAD-Weld Re-Weld: Grind down the failed weld and perform a new CAD-weld 
(exothermic weld) to ensure a permanent, low-resistance bond. (Requires 
specialized training and equipment).

Missing/Incorrect 
Bonding

Install Bonding: Install required bonding conductors (e.g., between tower 
legs, equipment racks, cable trays) using the specified conductor size and 
permanent connection methods (welds or compression lugs).

4. Verification and Documentation

• Re-Test: After any rectification (especially for high resistance), re-measure the Earth Resistance
using the same procedure to confirm the value is below the specified limit ($\le 5 \Omega$).

• Re-Inspect: Visually confirm all new/repaired connections are secure and protected.

• Document: Record all findings (initial faults, measurements, rectification steps, replacement
parts, and final measurements) in the site logbook or maintenance report.

2.2.6 Emergency Repairs on Alternative Power Sources to 
Maintain Site Uptime

Telecom sites must operate 24×7, as even a short downtime can disrupt network connectivity and affect

thousands of users. When the main power supply fails, alternative power sources — such as solar panels,

wind turbines, battery banks, and diesel generators (DG sets) — take over to ensure uninterrupted

operation. However, these backup systems can sometimes fail due to issues like loose connections,

battery discharge, fuel shortage, or inverter malfunction. In such cases, the technician must know how to

perform emergency repairs to quickly restore power and maintain site uptime until a full repair or

replacement can be arranged.

Understanding Alternative Power Sources

Telecom sites commonly use a combination of the following power backup sources:
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Power Source Purpose / Use Common Issues

Battery Bank (DC Power) Provides short-term backup when 
grid fails

Low charge, loose terminals, fuse 
failure

Diesel Generator (DG Set) Runs automatically when grid fails Fuel shortage, air lock, oil leak, 
starting failure

Solar Power System Generates energy during sunlight 
hours

Dirty panels, faulty inverter, poor 
connections

Wind Power System (if 
available)

Generates energy in windy 
regions

Blade obstruction, turbine bearing 
issue

Safety Precautions Before Emergency Repairs

Before performing any emergency work:

• Follow Lockout–Tagout (LOTO) procedures to isolate unsafe sections.

• Wear proper PPE – insulated gloves, safety shoes, and helmet.

• Avoid working in wet or stormy weather.

• Check for live current using a multimeter before touching any cable.

• Keep fire extinguisher nearby, especially while handling DG sets or batteries.

Common Emergency Situations and Actions

A. Battery Backup Failure

Symptoms:

• Site power alarm triggered

• Voltage output below 48V DC

• BTS or rectifier shutting down

Immediate Action:

1. Check battery terminal connections – tighten if loose.

2. Inspect fuses and DC cables for burns or damage.

3. Measure voltage using a multimeter.

4. If a battery is low, connect to DG or solar for recharging.

5. If a cell is damaged, isolate it and run the system on remaining batteries temporarily.

B. Diesel Generator (DG Set) Failure

Symptoms:

• DG fails to start automatically during power outage

• Low fuel or oil pressure warning

• Unusual noise or smoke

Immediate Action:

1. Check fuel level and refill if needed.

2. Inspect battery and starter motor — recharge or replace if weak.

3. Check air filter and clean if clogged.

4. Verify oil and coolant levels.

5. If DG still fails, perform manual start as per manufacturer instructions.

6. Once operational, monitor output voltage and frequency.
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C. Solar Power System Malfunction

Symptoms:

• Low charging current despite sunlight

• Inverter showing fault LED

• Power output mismatch from panels

Immediate Action:

1. Clean dust and debris from solar panels using a soft cloth.

2. Inspect cable joints and MC4 connectors for loose or corroded contacts.

3. Check inverter display or fault code – reset if safe.

4. Measure panel voltage output with a multimeter.

5. If a panel is faulty, isolate it and connect others to maintain supply.

6. Switch to battery or DG power until solar system stabilizes.

D. Wind Power System Issues (if applicable)

Symptoms:

• No rotation despite wind

• Low or fluctuating power output

Immediate Action:

1. Inspect blades for obstruction or dirt buildup.

2. Check turbine connections and inverter.

3. Ensure tower structure and mountings are secure.

4. If mechanical damage is seen, lock the turbine and switch to alternate source (battery or DG).

Prioritizing Repairs During Emergency

When multiple faults occur, prioritize in this order:

1. Restore power supply first (battery or DG).

2. Stabilize charging systems (rectifier, inverter).

3. Check alarms and sensors for false triggers.

4. Document the issue and temporary fix for follow-up maintenance.

Post-Repair Checks

After completing the emergency repair:

• Verify that power is restored and stable.

• Confirm alarms are cleared.

• Record all actions taken in the maintenance log.

• Notify the supervisor or NOC team for follow-up inspection.

Emergency repairs are temporary but critical actions that help maintain network uptime until full
maintenance can be done.

A trained technician must be able to:

• Identify and isolate faults quickly.

• Safely switch to alternative power sources.

• Restore supply without risking safety or equipment damage.

• Document all actions for review and preventive planning
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2.2.7 Telecom Site Infrastructure, Including Shelters, Tower 
Structures, and Power Distribution

A telecom site is more than just antennas or base station equipment.

It is a carefully designed infrastructure that ensures reliable communication, equipment safety, and

uninterrupted power supply.

Understanding the site layout and infrastructure components helps a maintenance technician perform

preventive maintenance, troubleshoot issues, and ensure operational safety.

Key Components of Telecom Site Infrastructure

A. Shelters and Enclosures

Shelters are the protective rooms or cabins that house critical equipment such as:

• Rectifiers and power interface units (PIU)

• Batteries and inverters

• Air conditioning and ventilation systems

• Network equipment (BTS, routers, switches)

Purpose:

• Protect equipment from weather conditions (rain, dust, heat, humidity)

• Provide security against unauthorized access

• Enable safe working environment for technicians

Key Considerations:

• Adequate ventilation and cooling

• Proper grounding and earthing

• Organized layout to avoid clutter and improve accessibility

B. Tower Structures

The tower supports antennas, dishes, and transmission equipment. Towers come in different types:

Type Description Typical Use

Monopole Single vertical pole Urban areas with limited space

Lattice tower Triangular or square steel structure High-height rural sites

Guyed tower Supported with guy wires Tall towers where space is available

Safety and Maintenance Aspects for Towers:

• Ensure structural integrity: check for rust, loose bolts, or damaged members.

• Proper earthing to protect against lightning.

• Keep climbing aids and ladders safe and inspected regularly.
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Fig. 2.2.4 Telecom tower types and antennas

C. Power Distribution Systems

Power distribution ensures that energy from the main grid, DG, or renewable sources reaches all site

equipment efficiently.

Key Elements:

1. Power Input

• Grid electricity or diesel generator

• Voltage stabilization using PIU or rectifiers

2. Battery Backup

• 48V DC battery bank for uninterrupted power

• Provides energy during grid outages

3. Load Distribution

• Power is split between equipment: BTS, cooling systems, lighting

• Prevents overloading of circuits

4. Monitoring Systems

• Track voltage, current, and load distribution

• Detect faults or abnormal energy consumption

Maintenance Points for Technicians:

• Inspect cables for insulation damage or loose connections

• Check fuses, breakers, and earthing

• Verify DG and battery status during preventive checks

• Monitor alarms on PIU and RMS dashboards
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Additional Infrastructure Considerations

• Security Measures: Fencing, CCTV, access control

• Cooling and Ventilation: AC, fans, exhausts to maintain equipment temperature

• Environmental Control: Dust filters, drainage for rainwater, and lightning protection

• Signage and Safety: Warning boards, fire extinguishers, first-aid kits

Telecom site infrastructure combines structural, electrical, and environmental systems to ensure smooth

operation.

As a maintenance technician, understanding these components helps in:

• Planning preventive and corrective maintenance

• Ensuring site safety and equipment longevity

• Quickly locating faults and performing emergency repairs

2.2.8 Preventive Maintenance Procedures for Telecom 
Enclosures, Cable Connections, and Environmental Control Units
Preventive maintenance of telecom infrastructure is essential to ensure uninterrupted network

performance, equipment longevity, and operational safety. It involves routine inspection, cleaning,

testing, and servicing of critical components such as enclosures, cable connections, and environmental

control units (ECUs). These activities help identify and rectify potential issues before they lead to system

failures or downtime. Regular preventive maintenance also improves energy efficiency, maintains signal

quality, and supports compliance with telecom site safety and performance standards. The table below

outlines the standard procedures, required tools, and visual references for conducting preventive

maintenance effectively across key site components.
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Component Objective
Step-by-Step 

Procedure
Tools / Equipment 

Required
Image Reference / 

Source

Telecom Enclosure 
(Shelter / Outdoor 
Cabinet / Rack)

Ensure 
enclosure 
remains clean, 
secure, 
weatherproof, 
and fully 
operational.

1. Safety 
Preparation: Turn 
off power (if 
required), wear 
PPE, and ensure 
ESD protection.
2. Visual 
Inspection: Check 
body, seals, hinges, 
locks for damage or 
rust.
3. Cleaning: 
Remove 
dust/debris using 
dry cloth/soft 
brush; clean vents 
and filters.
4. Structural Check: 
Tighten bolts, verify 
grounding and 
bonding continuity.
5. Documentation: 
Record 
observations and 
maintenance 
actions.

PPE (gloves, helmet, 
ESD strap), 
screwdriver set, 
brush, torque 
wrench, cleaning 
cloth

Cable Connections 
(Power, RF, Optical 
Fiber, Grounding)

Maintain signal 
integrity, 
prevent 
corrosion and 
downtime.

1. Inspection: 
Check for cuts, 
bends, or corrosion 
on connectors and 
cable sheaths.
2. Cleaning & 
Tightening: Use 
contact cleaner and 
torque wrench to 
tighten connectors.
3. Testing: Measure 
continuity and 
insulation 
resistance using 
multimeter; test 
fiber integrity with 
OTDR/VFL.

Multimeter, 
OTDR/VFL, contact 
cleaner, torque 
wrench, 
weatherproof tape
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4. Protection: Apply 
weatherproofing 
tape, ensure drip 
loops and sealing 
glands are intact.
5. Documentation: 
Note test results, 
connector torque 
values, and repairs.

Environmental 
Control Unit (AC, 
Fans, Thermostat, 
Sensors)

Maintain 
internal 
temperature 
and humidity to 
protect telecom 
electronics.

1. Power & Safety 
Check: Isolate 
power, inspect 
wiring and fuse 
connections.
2. Filter & Coil 
Cleaning: Clean air 
filters and 
condenser coils; 
replace if damaged.
3. Component 
Inspection: Check 
fans, belts, motors, 
and refrigerant 
level.
4. Operational 
Testing: Test 
airflow, 
temperature 
control, 
compressor cycle, 
and alarms.
5. Calibration & 
Verification: 
Calibrate sensors, 
verify temperature 
(22–27°C) and 
humidity (<60% 
RH).
6. Documentation: 
Record test 
readings and 
replaced 
components.

Insulated tools, 
multimeter, leak 
detector, soft brush, 
thermo-hygrometer
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2.2.9 Monitoring, Calibration, and Troubleshooting of Power 
and Cooling Systems
1. Power Interface Unit (PIU) / AC Distribution Board (ACDB)

The PIU/ACDB is the point of connection and protection for the incoming AC utility supply.

Fig. 2.2.5 Power Interface Unit (PIU)

Area of Work Monitoring/Calibration/T
roubleshooting

Technician Action

Monitoring Voltage & Current: Check 
incoming AC voltage and 
load current on all phases.

Log readings using the multimeter or PIU display. 
Ensure voltage is within the specified $\pm 10\%$ 
range (e.g., $230\text{V} \pm 10\%$).

Troubleshooting Phase Loss/Unbalance: 
Identify if one or more 
phases are missing or 
show significant voltage 
difference.

Inspect main circuit breakers (MCBs) and fuses. If 
breakers are tripped, attempt a single reset. If trip 
repeats, isolate the faulty line/load and report for 
utility service.

Troubleshooting Breaker Trip: Identify the 
cause of a tripped circuit 
breaker.

Check for clear signs of short circuit (burnt 
smell/marks) or overload (hot breaker). Do not bypass 
protective devices. Isolate the load before resetting.

Calibration Meter Accuracy: Verify 
PIU meter readings 
against a calibrated 
handheld multimeter.

Compare readings and note any deviation. Report 
major discrepancies for meter replacement.
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2. Switched-Mode Power Supply (SMPS) / Rectifier System

The SMPS converts incoming AC to stable DC power typically -48 V DC and manages the battery bank.

Fig. 2.2.6 SMPS / Rectifier system

Area of Work Monitoring/Calibration/Troubleshooting Technician Action

Monitoring System Status: Check for rectifier alarms 
(e.g., Rectifier Fail, Low Voltage, High 
Temp).

Verify the system controller 
display. Note the specific alarm 
code or message.

Calibration Output Voltage (Float Voltage): Set the 
optimal voltage for battery charging and 
load supply.

Check and set the system’s float 
voltage (typically −53.5 V DC to 
−54.5 V DC) using the controller 
interface, following the battery 
manufacturer’s specifications.

Calibration Battery Charging Current Limit: Set the 
maximum current allowed to charge the 
batteries.

Adjust the Current Limit (or 
Boost/Float settings) on the 
controller to prevent over-
charging, which can damage 
batteries.

Troubleshooting Rectifier Module Failure: Identify a non-
functional or faulty rectifier module.

Check individual module status 
indicators (LEDs). Isolate and 
safely replace the faulty module 
with a spare, ensuring proper 
connection and hot-swap 
procedure is followed.

Troubleshooting Low DC Voltage: System output is below 
the required operating voltage.

Check the utility AC input status. If 
AC is present, check for tripped 
rectifier input breakers or internal 
faults within the SMPS cabinet.
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3. Diesel Generator (DG)

The DG provides long-term backup power during extended grid failures.

Area of Work Monitoring/Troubleshooting Technician Action

Monitoring Fuel and Oil Levels: Ensure 
adequate fuel and oil for 
reliable operation.

Visually check the fuel gauge. Use the dipstick to 
check the engine oil level and quality. Top up as 
necessary.

Monitoring Performance & Alarms: Check 
for abnormal noise, smoke, or 
error codes.

Log DG parameters during runtime (voltage, 
frequency, engine temperature, oil pressure). 
Check the DG controller display for alarms (e.g., 
Low Fuel, High Temperature, Over/Under 
Frequency).

Troubleshooting DG Not Starting: The generator 
fails to initiate after an AC 
power failure signal.

Check the Automatic Transfer Switch (ATS) 
status. Inspect the DG battery terminals for 
corrosion or looseness. Check the DG 
stop/emergency button.

Troubleshooting Low Frequency/Voltage 
Output: DG starts but output 
power is unstable or incorrect.

Check the fuel quality and flow. Check the 
governor or Automatic Voltage Regulator (AVR) 
settings. Report for specialized maintenance.

4. Air Conditioning (AC) Systems

AC systems maintain the optimal temperature and humidity for the electronic and battery equipment,

significantly impacting their lifespan and performance.

Skill Focus Monitoring/Troubleshooting Technician Action

Monitoring Temperature/Humidity: 
Check shelter/cabinet interior 
environmental parameters.

Check the thermostat or climate controller display. 
Check and set the system's Float Voltage (typically 
53.5V DC to 54.5V DC) via the controller interface, 
as per battery manufacturer specifications.

Calibration Thermostat Set Point: Adjust 
the temperature settings for 
optimal efficiency.

Set the thermostat to the specified set point (e.g., 
24 Cʐ 24 Cʐ) and ensure that the system operates 
in an energy-efficient manner.

Troubleshooting Insufficient Cooling: The 
shelter temperature is higher 
than the set point.

1. Check Airflow: Clean or replace air filters; ensure 
intake/exhaust are clear. 2. Check Compressor: 
Listen for the compressor running. 3. Check for 
Refrigerant Leak: Look for ice formation on 
evaporator/condenser coils (if safe and accessible).

Troubleshooting AC Unit Not Running: The 
unit is non-functional despite 
high temperature.

Check the unit's power breaker (MCB) in the 
ACDB/PIU. Check for unit-specific faults displayed 
on the controller.

Maintenance Preventive Checks: Ensure 
condensate drain pipes are 
not clogged.

Flush the drain line to prevent water accumulation 
inside the shelter, which can damage electronics.
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2.2.10 Load Balancing and Efficient Energy Distribution at the 
Site

Maintaining efficient power distribution at a telecom tower site is essential to ensure uninterrupted

network availability and to optimize the usage of various power sources such as batteries, diesel

generator (DG), solar panels, and grid supply. Load balancing ensures that electrical loads are distributed

evenly across phases and power sources to prevent overloading, overheating, and premature failure of

power equipment.

Key Concepts to Understand:

Term Explanation

Load The total electrical demand required by all equipment operating at the 
site.

Load Balancing Distributing electrical loads evenly across all available power phases.

Power Sources Grid, DG Set, Solar Power, Batteries/Rectifiers, UPS, Hybrid Power 
System.

Rectifier Modules Convert AC to DC power for telecom equipment.

BTS/Active Equipment The core load that must always be powered.

Steps to Perform Load Balancing at Site

1. Check Current Load Requirements

• Identify all active equipment running (BTS, Microwave, RRUs, Air Conditioners, SMPS, Alarm

Unit, etc.).

• Measure current draw on each phase using a clamp meter.

2. Assess Power Source Availability

• Confirm availability of grid supply.

• Check battery voltage and backup duration.

• Ensure DG is functional and has sufficient fuel.

• Check solar inverter status if installed.

3. Distribute Load Across Phases

• Ensure that load on each phase does not exceed rated capacity.

• Shift devices between phases to reduce imbalance (e.g., AC on Phase 1, SMPS on Phase 2,

Lighting on Phase 3).

• Avoid connecting high power equipment on same phase.

4. Optimize Use of Batteries and Rectifiers

• Configure rectifier priorities to ensure equal current sharing.

• Check for faulty or non-operational rectifier modules and replace if needed.

5. Ensure Energy-Efficient Operation

• Keep shelter/room temperature within 24°C to 26°C for optimal equipment performance.

• Ensure air conditioner and ventilation system is functioning and thermostat setting is optimized.

• Use smart controllers (if available) to auto-switch between solar, battery, and grid/DG.
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6. Record Observations

• Log load distribution, current sharing, power source usage, and any adjustments made.

On-Site Demonstration Task

Scenario: The site has unstable grid supply and frequent DG usage.

Demonstration Steps:

1. Switch site to maintenance mode if required.

2. Measure load on each of the three power phases using a clamp meter.

3. Observe SMPS web/LED interface to check rectifier current sharing.

4. Shift non-critical equipment from heavily loaded phase to a lighter one.

5. Re-measure load and verify load difference is minimized.

6. Adjust thermostat to an energy-efficient operating level (e.g., 24°C).

7. Document before and after load distribution.

Checklist for Load Balancing & Energy Distribution

Item Check Status Remarks

Clamp meter is available and functioning ᵟYes / ᵟNo

Load measured on each power phase ᵟDone / ᵟNot Done

Rectifier modules operating and sharing load 
evenly

ᵟYes / ᵟNo

Backup batteries voltage measured and 
recorded

ᵟYes / ᵟNo

DG operational status tested ᵟOK / ᵟNeeds Maintenance

Solar system (if available) operating efficiently ᵟYes / ᵟNo

Air conditioner thermostat set to 24°C–26°C ᵟYes / ᵟNo

Any phase imbalance corrected ᵟYes / ᵟNo

Energy usage log updated ᵟYes / ᵟNo
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2.2.11 Restoring Connectivity By Addressing Transmission 
Failures and Alarm-Triggered Events

Telecom tower sites rely on stable transmission systems—such as Microwave Links, Optical Fiber Links

(OFC), and IP/Ethernet transport—to carry voice and data signals between network nodes. Any failure in

these transmission systems directly impacts network service quality, causing issues like call drops,

internet downtime, and poor data throughput for users.

As a Telecom Tower Site Maintenance Technician, you are responsible for diagnosing transmission

alarms, identifying the root cause, executing corrective actions safely, and restoring connectivity

efficiently. This requires technical knowledge, tool proficiency, system interface navigation, and effective

communication with the Network Operations Center (NOC).

Transmission Failure Categories

Type of Failure Typical Cause Symptoms Observed

Microwave Link 
Degradation

Misalignment, obstruction, cable 
damage

Low RSL, fluctuating link capacity, 
intermittent link down

OFC Link Failure Fiber cut, dirty connectors, 
improper splicing

BER high, No Light Signal, Link down 
alarm

Power Supply Issues SMPS failure, battery drain Transmission equipment shutdown, No 
communication

Equipment Fault IDU/ODU hardware failure Alarm persists even after reconnection

Step-by-Step Practical Restoration Procedure

1. Receive and Interpret Alarm Information

• Call or receive notification from NOC.

• Note Alarm Type, Affected Node Name, Occurrence Time, and Traffic Impact.

• Examples of alarms:

o “Microwave Link Down”

o “Low Receive Signal Level (Low RSL)”

o “IDU/ODU Sync Loss”

o “OFC LOS (Loss of Signal)”

o “Transmission Node Module Fault”

Tip: Always confirm if the issue is localized to one site or affecting a larger network segment.

2. Conduct Physical and Visual Inspection at Site

Before touching equipment, ensure AC/DC power is stable.

Check for:

• Damaged or loose IF cables, earthing straps, antenna mounts.

• Signs of corrosion, moisture entry, dust accumulation.

• Transmission rack SMPS output (e.g., approx. -48V DC).

• Battery backup voltage (e.g., Float Voltage around 53.5V–54.5V DC).

Why this matters: Many link failures occur due to loose connectors or degraded cabling, not software
faults.
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3. Log into Transmission Equipment Interface

Using Laptop or IDU/Node Web/CLI Interface:

Check:

• RSL Levels

• Modulation mode

• Link capacity utilization

• Traffic routing path state

• Alarm history

Parameter Healthy Range Indication if Out of Range

RSL (Microwave) -35 to -60 dBm Misalignment or obstruction

BER (Fiber) ≤ 10^-9 Dirty connectors or fiber cut

Node Temperature 25–45°C Ventilation failure or ECU issue

4. Restoration Actions Based on Fault

Fault Scenario Practical Corrective Action

Low RSL / Link Fluctuation Climb tower with PPE → Slightly rotate antenna → Technician below 
monitors RSL in real-time → Lock alignment when max signal 
achieved.

IF Cable / Waveguide Damage Replace cable → Apply weatherproof tape → Ensure proper 
grounding.

Obstruction (trees, temporary 
buildings)

Trim/clear obstruction → If permanent, coordinate re-azimuth or 
height increase.

IDU/ODU Hardware Fault Swap with spare → Load configuration backup → Re-establish link.

Fiber Connector Dirty Use Fiber Cleaning Kit → Re-clean both male and female connectors 
→ Re-test light levels.

Fiber Break Switch to alternate transmission route → Log case with fiber 
maintenance team.

5. Verify and Stabilize Connectivity

• Perform Ping Test to upstream router or BSC/MSC.

• Run Speed/Throughput Test (e.g., 10 Mbps/30 seconds).

• Confirm alarms are cleared in O&M interface.

• Ask NOC to verify network KPIs.

6. Update Records and Close the Event

• Enter fault description, site actions, replaced materials, and time taken into logbook.

• Take before and after pictures (where applicable).

• Report restoration to NOC and site supervisor.
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Instructor-Led Field Drill

Situation:

Microwave link between Site A and Site B is showing Low RSL (-75 dBm) and intermittent Link Down

alarms.

Hands-On Steps:

1. Access IDU interface → Confirm low RSL.

2. Technician climbs tower with full body harness, safety rope, and tool pouch.

3. Using walkie-talkie/mobile, coordinate with ground technician monitoring RSL live.

4. Slightly adjust antenna in 1–2 cm increments (very small adjustments).

5. When RSL improves to acceptable level (e.g., -46 dBm), tighten all bolts securely.

6. Weatherproof connectors using self-amalgamating tape.

7. Re-check O&M → Confirm alarm clearance.

8. Ping and throughput tests performed and logged.

On-Site Checklist (Field Use)

Task Done ( /Ṏ) Remarks

Verified site power and SMPS output

Checked transmission cables and connectors

Logged into IDU/Transmission node interface

RSL/BER values recorded before action

Physical alignment / cable correction completed

Confirmed alarm clearance with NOC

Conducted traffic/ping/throughput test

Activity recorded and reported

2.2.12 Demonstrate How to Report Issues Such as Fuel 
Consumption, Security Breaches, Or Material Theft to the 
Supervisor

Reporting Issues to Supervisor (Short & Practical)

1. Basic Rules

Point What to Do Why
Report Immediately Call the Supervisor first, then send 

message.
Avoid delay & loss.

Give Exact Details Site ID, Date/Time, What happened. Clear understanding.

Share Evidence Photos, meter reading, CCTV, 
logbook entry.

Proof for action.

Update Register Fuel log / Security log / Material 
register.

Record for audits.
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2. Steps to Follow

Step Action

1 Confirm issue (check readings / visual inspection).

2 Take photo/video evidence.

3 Call Supervisor and inform.

4 Send WhatsApp/SMS summary.

5 Record in the site logbook.

6 Secure the affected area (lock/seal/guard).

3. Sample Reports
A. Fuel Consumption Issue

Detail Example

Site ID BR-PTN-112

Issue DG ran 6 hrs but fuel consumption is higher than expected.

Evidence Dip reading before/after + DG hour meter photo

Action Taken Fuel tank sealed & recorded seal number.

Short WhatsApp Message:
Fuel difference at Site BR-PTN-112. DG 6 hrs, expected ~12L, actual drop 19L. Photos attached. Tank 
sealed. Please advise.

B. Security Breach

Detail Example
Site ID BR-PTN-112
Incident Unknown person seen near battery room.

Evidence CCTV snapshot / Guard statement

Action Taken Guard informed, gate locked, area secured.

Call Script (10 seconds):
“Sir, at Site BR-PTN-112 unknown person spotted near battery room at 19:35. Area secured. CCTV 
image sending now.”

C. Material Theft / Missing Item

Detail Example

Site ID BR-PTN-112

Missing Item 1 × Battery Interlink Cable

Sign Seal/lock disturbed

Evidence Photos attached

Action Taken Area secured & security informed
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Short WhatsApp Message:
Missing battery cable at BR-PTN-112. Seal disturbed. Photos attached. Area secured. Please advise
next action.

4. Quick Checklist

Task ṉ/ṍ

Evidence collected

Supervisor informed by phone

Message summary sent

Logbook updated

Site secured
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By the end of this unit, the participants will be able to:

1. Describe the documentation standards for telecom site maintenance, including digital reporting
practices.

2. Show how to document preventive and corrective maintenance tasks in telecom reporting systems
and maintain records of site power logs, energy audits, and operational performance.

3. Show how to use digital reporting tools to submit real-time site updates, alarm escalations, and
maintenance logs.

4. Show how to ensure regulatory compliance in energy management and site operations.

2.3.1 Documentation Standards for Telecom Site Maintenance

UNIT 2.3: Documentation, Reporting, and Compliance

Unit Objectives

Maintaining proper documentation at a telecom tower site ensures smooth operations, accountability,

audit compliance, and quick fault resolution. Every activity — whether routine maintenance, fault

repair, fuel handling, or site access — must be recorded accurately in both physical registers and digital

reporting systems.

1. Key Documentation Principles

Documentation must be clear, correct, and supported by evidence. This ensures transparency and

prevents disputes during audits or investigations.

Standard Meaning Purpose

Accuracy Record exact readings, dates, 
and work done.

Avoid wrong reporting.

Timeliness Update logs immediately after 
tasks.

Keeps records current.

Traceability Include name, signature, and 
contact.

Ensures record accountability.

Clarity Write neatly and avoid 
overwriting.

Helps in easy verification.

Evidence-Based Attach photos/log screenshots. Supports the record with proof.

2. Common On-Site Registers

Physical registers help maintain day-to-day operational records. These are often checked during audits

or operator inspections.
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Register / Log What It Contains Updated By Frequency

Fuel / DG Logbook DG hours, fuel readings, fuel 
added, seal numbers.

Technician Daily / On DG 
operation

Site Access Register Visitor names, ID details, in-out 
time.

Guard/Technician Every entry/exit

Fault & Maintenance 
Log

Fault details, cause, action 
taken.

Technician Each service 
activity

Battery & Power Log Battery voltage, rectifier output, 
alarms.

Technician During PM visit

4. Types of Digital Reports Submitted

Digital reports help the network operator or infra company track site health and performance.

Requirement Description

Geo-tagged Photos Proves technician presence at site.

Timestamped Updates Confirms time of work.

Digital Checklists Ensures no maintenance step is skipped.

QR / Barcode Scans Tracks equipment identity & replacement.

e-Signature / Approval Supervisor verifies work completion remotely.

3. Digital Reporting Practices

Most telecom companies in India now use mobile apps or web portals for reporting. These ensure real-

time monitoring, location tracking, and data accuracy.

Report Type Submitted Through What It Includes

PMR (Preventive Maintenance 
Report)

Mobile App Site conditions, readings, 
photos.

Corrective Action / Ticket 
Closure Report

Ticketing System Fault reason, repair steps, 
replaced parts.

Fuel Use & Dip Report Fuel Management App Fuel readings, delivery proof, 
seal photos.

Security Incident Report Support Portal / WhatsApp Photos, CCTV snapshots, 
incident explanation.
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5. Data Entry Best Practices

Records must be completed carefully to avoid misinterpretation and ensure quick response in future.

Best Practice Example

Record exact readings 53.4V (not "around 53V")

Use 24-hour time 19:45 instead of 7:45 PM

Keep photos clear and horizontal Avoid blurs and shadows

Do not leave blanks Use “N/A” where not applicable

6. Compliance and Audits

Documentation is checked during periodic audits by operators or infra companies. Proper records

prevent penalties and show that maintenance is being done correctly.

• Logs should match actual on-site conditions.

• Falsifying data or overwriting entries is strictly prohibited.

• Records must be kept safely for at least 6 months (varies by company).

7. Technician’s Quick Checklist

Before leaving the site, the technician should ensure all documentation is complete.

Task ṉ/ṍ

Logbooks updated

Digital reports submitted

Photos attached and clear

Seal numbers recorded (where applicable)

Supervisor informed (if issue found)

2.3.2 Show How to Document Preventive and Corrective 
Maintenance Tasks in Telecom Reporting Systems and 
Maintain Records of Site Power Logs, Energy Audits, and 
Operational Performance

Documentation is one of the most important responsibilities of a Telecom Tower Site Maintenance

Technician. Proper documentation ensures:

• Tower uptime (Network availability) is maintained

• Faults are tracked and rectified on time

Telecom Tower Site Maintenance Technician
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• Energy consumption and site operational performance are monitored

• Compliance with safety and O&M standards

Most telecom companies use mobile apps or web-based systems for logging maintenance (e.g.,

Field360, iTower, CygNet, NetPerform, or internal tools). When network/app is unavailable, the

technician maintains paper logs and later updates the system.

2. Types of Maintenance Documentation

Type of Maintenance Description Purpose When Done

Preventive 
Maintenance (PM)

Routine scheduled 
checks & servicing

Avoid future 
breakdowns

Monthly/Quarterly

Corrective Maintenance 
(CM)

Fixing faults and 
restoring services

Restore site up-time & 
performance

During alarms or 
breakdowns

Predictive/Condition 
Monitoring

Observing patterns 
(e.g., energy trends)

Minimize failures using 
data trends

Continuous/Periodic

3. Preventive Maintenance (PM) Reporting Procedure

Step-by-Step:

1.Visit site as per schedule

2.Perform checks on:

• Power Equipment (SMPS, DG, Batteries)

• Tower structure & shelter rooms

• Earthing system & cables

• Security and safety systems

3.Record readings in PM Checklist / App

4.Note any abnormalities

5.Sign and upload photos/evidence in the reporting system.

Sample PM Checklist (Field Format)

Parameter
Standard Value / 

Condition
Observed Value

Status (OK/Not 
OK)

Remarks

SMPS Output 
Voltage

48V ± 2V 47.9V OK -

Battery Bank 
Voltage

52V - 54V 51.5V Not OK Needs charging

DG Oil Level Within marks Normal OK -

Earthing 
Resistance

< 5 Ohm (Ideal) 7.2 Ohm Not OK Ground rod 
augmentation 
needed

Shelter Room 
Cleanliness

Clean Clean OK -
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4. Corrective Maintenance (CM) Reporting Procedure

When a Fault / Alarm Occurs:

1. Acknowledge alarm from NOC (Network Operations Center)

2. Reach site and diagnose the issue

3. Troubleshoot and restore service

4. Update fault closure report in system with:

o Issue cause

o Action taken

o Spare replacements

o Site restoration time and uptime achieved

Sample Corrective Maintenance Log

Date & 
Time

Site ID
Fault / 
Alarm

Root Cause 
Identified

Action 
Taken

Spare 
Parts 
Used

Resolved 
By

Restoratio
n Time

29-10-
2025 
14:30

BIH-PAT-
001

Battery 
Low

DG did not 
start due to 
air lock

Primed 
fuel pump 
& 
restarted 
DG

None Technician 
A

15:20

30-10-
2025 
10:05

BIH-PAT-
004

SMPS 
Fault

SMPS 
Module 
burnt

Replaced 
SMPS 
Module

1 SMPS 
Module

Technician 
B

11:30

5. Site Power Logs & Energy Audit

Purpose

To monitor power consumption, battery backup performance, and DG operating hours for cost efficiency

and uptime.

Daily Power Log Format

Parameter Reading / Details

Site ID

Date

Grid Supply Availability (Hours)

Battery Backup Duration (Minutes)

DG Running Hours

Fuel Consumed (Liters)

SMPS Load (in Amps)

Remarks

Telecom Tower Site Maintenance Technician
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7. Key Guidelines for Effective Documentation

• Write clearly, use simple and standard terms

• Do not exaggerate or hide faults

• Ensure time stamps are accurate

• Attach photographs where required

• Maintain spare replacement records

• Ensure safety practices before recording readings

8. Example Statement in Digital Reporting System

“PM activity completed at Site ID BIH-PAT-001 on 30-10-2025. SMPS and battery parameters normal.

Earthing resistance high at 7.2Ω—recommended grounding augmentation in next maintenance cycle.”

Performance Indicator Target Actual Value Status Remarks

Site Uptime (%) ≥ 99% 98.4% Needs Improvement Frequent DG 
failures

Average DG Running 
Hours/Day

< 2 Hours 4 Hours High Grid power 
unreliable

Battery Autonomy ≥ 2 Hours 1.2 Hours Low Batteries aging

6. Operational Performance Report Summary

2.3.3 Digital Reporting Tools to Submit Real-Time Site Updates, 
Alarm Escalations, and Maintenance Logs

As a Telecom Tower Site Maintenance Technician, you're responsible for keeping crucial network

infrastructure running. In today's digital age, paper logs and manual reporting are obsolete. Digital

reporting tools are essential for:

• Real-Time Visibility: Providing instant status updates to the Network Operations Center (NOC) and

management.

• Efficiency: Reducing administrative time, allowing more focus on technical tasks.

• Accuracy: Minimizing human error associated with handwritten logs and data transfer.

• Auditability: Creating a reliable, searchable, and time-stamped record of all site activities and

maintenance actions.

You will learn to use a typical mobile-based application (often called a Field Service Management (FSM)

app) to submit updates, escalate alarms, and create maintenance logs.

Real-Time Site Updates

Site updates are brief, time-stamped reports that inform the NOC or your supervisor about your arrival,

work progress, and departure
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Step | Action | Description | Key Data Fields to Submit

Step Action Description Key Data Fields to Submit

Check-In Site Arrival Immediately upon reaching 
the tower site.

GPS Location (Automatic), Time 
Stamp (Automatic), Site 
ID/Name, Work Order (WO) 
Number

Progress Work Status When a major task is 
completed (e.g., fault 
diagnosed, spare part 
received, repair started).

Time Stamp, Brief activity 
description (e.g., "Fault 
located: Battery bank over-
discharge," "Rectifier 
replacement in progress").

Check-Out Work Completion After all maintenance is 
finished, the site is secured, 
and before leaving.

GPS Location (Automatic), Time 
Stamp (Automatic), Final Status 
(e.g., "WO Closed," "Issue 
Resolved," "Site Secured").

Example Digital Check-In Log (Simulated)

Field Data Entered Notes

Technician ID TECH-1456 Automatic based on user login.

Date/Time 2025-10-30 09:30 AM IST Automatic time stamp.

Site ID TN-MAS-1025 Selected from a dropdown list.

WO Number WO-2025-50012 Entered manually or selected from 
assigned list.

Status Update Checked In - Gate Unlocked & 
Secured

Indicates the technician is safely on-site 
and has secured access.

Attached Photo A mandatory photo of the site main 
gate/ID board upon entry.

Alarm Escalations and Incident Reporting
When you encounter a serious fault, equipment failure, or safety hazard that requires immediate
attention or support, you must use the digital tool to escalate the alarm.
Escalation Type Table
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Escalation Type Trigger Condition Digital Tool Action Required Information

Technical Major equipment failure 
(e.g., DG set breakdown, 
rectifier failure, total 
power outage) or an 
unresolved alarm causing 
service interruption.

Select "New 
Incident" or 
"Escalate Alarm" 
option in the app.

Alarm Code (from site 
monitor), Impact (e.g., "Full 
outage," "Partial failure"), 
Actions Taken (e.g., 
"Attempted reset, failed"), 
Required Support (e.g., "DG 
expert needed," "Spare part 
required").

Security/Safety Theft, vandalism, fire, 
major structural damage, 
or personal injury.

Select "Emergency 
Report" or "Safety 
Incident."

Incident Type (e.g., "Fire," 
"Theft," "Fall"), Location 
(Specific, e.g., "Antenna 
mount"), Time of Incident, 
Immediate Steps Taken (e.g., 
"Called local police," 
"Secured area").

Alarm Escalation Report Example (Simulated)

Field Data Entered Importance/Purpose

Site ID TN-MAS-1025 Links the incident to the correct 
location.

Alarm Source Rectifier System Identifies the faulty system.

Alarm Code/Message RECT-FAIL-03 (High Temp Shutdown) The precise error code is critical 
for diagnosis by the NOC.

Severity Critical (Service Affecting) Indicates the urgency for 
immediate response.

Observations Rectifier unit 3 display is blank. 
Ambient shelter temperature is very 
high. AC unit is running but blowing 
warm air.

Detailed, factual observations.

Recommended Action Requesting HVAC specialist dispatch, 
as the AC unit is failing, causing the 
rectifier to overheat.

Clear request for the next level 
of support.

Attached Photo Evidence of the condition (e.g., high-
temp reading, blank display).
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Maintenance Logs and Final Report

The maintenance log is the most important record of your work. It details all inspections, readings, tests,

and repairs carried out.

Log Section Purpose Example Data to Record

Initial Readings To establish the "before" 
state of the site.

Shelter Temp: 35°C; Battery Bank Voltage: 
52.5V; DG Fuel Level: 50%.

Tasks Performed A step-by-step account of 
the work.

Cleaned and tightened all DC power terminal 
connections. Replaced faulty air filter in the AC 
unit. Performed a 15-minute DG set test run.

Parts Used Inventory tracking for 
spares and supplies.

Rectifier Module (Part No. XXX-456, Serial No. 
12345).

Final Readings/Tests To confirm the "after" state 
and that the site is 
functioning normally.

Shelter Temp: 25°C; Battery Voltage: 54.0V; 
Alarm Status: All Clear.

Technician Sign-Off Digital signature confirming 
the log is true and 
complete.

Digital Signature and Final Close time.

Example Digital Maintenance Log (Simulated)

Work Order (WO) Closure Form

Section Field Technician Entry

Checklist (Y/N) Site Access - Entrance Gate 
Locked/Secured

Y

Shelter - Shelter Door Locked/Secured Y

Power System Battery System Visual Check (No 
swelling/leakage)

Y

Rectifier System Status Green (Normal Operation)

Antenna/Tower Guy Wires/Structure Visual Check (No 
loose components)

Y

Fuel/DG DG Fuel Level (Final) 50% (N/A)

Fault Diagnosis Root Cause Identified High-Temperature Shutdown 
due to Clogged AC Filter

Resolution Actions to Resolve Cleaned/Replaced AC filter. 
Cleared all alarms.

Total Time on Site 2 hours, 15 minutes Auto-Calculated from Check-
in/Check-out

Notes (Mandatory) Advised NOC to schedule a full AC unit 
service next month.

N/A
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2.3.4 Ensuring Regulatory Compliance in Energy Management 
and Site Operations
Telecom tower sites must operate in compliance with government regulations, industry standards, and

safety norms. These rules ensure:

• Safe working conditions

• Efficient use of energy sources (Grid, DG, Batteries, Solar, Hybrid systems)

• Reduced carbon emissions and environmental impact

• Reliable telecom network availability

A Telecom Tower Site Maintenance Technician plays a direct role in ensuring daily compliance at the site

level.

1. Key Regulations and Guidelines to Follow

Regulatory Body / Standard Area of Compliance
Requirement / Relevance in Field 

Work

DoT (Department of 
Telecommunications)

Network uptime & 
infrastructure usage

Maintain uptime > 99.5%, report 
outages, prevent unauthorized 
shutdown

CEA (Central Electricity 
Authority)

Electrical safety & 
grounding

Maintain safe grounding (< 5Ω ideal), 
follow proper earthing and cable 
routing

CPCB (Central Pollution Control 
Board)

DG Set emission & noise 
control norms

Ensure DG has functional silencer, 
proper exhaust direction, no fuel 
leakage

BEE (Bureau of Energy 
Efficiency)

Energy conservation Ensure efficient use of SMPS, batteries, 
load balancing, avoid energy wastage

State Electricity Board Legal use of grid power Ensure meter seals are intact, no 
bypass connections

Local Fire & Safety Rules Fire hazard control Maintain fire extinguishers, ensure no 
flammable storage near DG/AC units

2. Compliance in Energy Management

A. Grid Power Usage

• Check meter seals to ensure no tampering.

• Monitor electricity bills to detect abnormal consumption.

• Report long-duration grid outages to NOC.

• Avoid over-loading SMPS or powering unauthorized devices from the site.

B. Diesel Generator (DG) Operation

• Maintain fuel records accurately (no rounding, no estimation).

• Ensure exhaust outlet direction complies with CPCB norms.

• DG sound level should not exceed 75 dB (check silencer & enclosure).

• Avoid unnecessary DG running if grid power is available.
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C. Battery Bank & Storage Compliance

• Prevent battery acid spills; store neutralizing solution (soda/baking powder).

• Ensure batteries ventilate properly (avoid sealed rooms).

• Check for swelling, leakage, corrosion regularly.

• Dispose of old batteries through authorized recyclers only (as per E-Waste Rules).

D. Renewable / Solar Hybrid Systems

• Keep solar panels clean (dust reduces efficiency by 10–30%).

• Ensure DC wiring is labeled and protected from rodent damage.

• Update controller logs for solar generation vs load.

3. Site Operational Compliance Checklist

Compliance Area Key Requirements Daily/Weekly Action

Electrical Safety No exposed live wires, proper 
earthing

Check insulation, tighten terminals, 
measure earth resistance

Fire Safety Fire extinguisher present and 
within validity

Monthly check cylinder pressure & 
accessibility

DG Fuel Safety No leakage, safe storage Inspect diesel tank, check for stains/odors

Security Compliance Tower gate locked, logbook 
maintained

Ensure access control and log entry of 
visitors

Noise & Emission DG silencer and exhaust 
maintained

Check smoke color: black/blue smoke 
means malfunction

Documentation Logs updated daily Maintain power logs, site visit records, 
maintenance logs

4. Documentation for Regulatory Compliance

The technician must maintain clear and updated records, including:

Document / Log Purpose
Daily Power Log Track DG usage, grid availability, battery backup

Fuel Log Prevent theft, validate DG run hours

Maintenance Log Track preventive & corrective tasks

Spare Part Usage Log Maintain transparency in part replacements

Safety & Security Log Record site access, incidents, alarms

Environment Compliance Log Record DG emissions, sound levels if tested

Example Power Log Entry

Telecom Tower Site Maintenance Technician
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Parameter Value

Grid Availability 12.3 Hours

DG Run Hours 1.8 Hours

Fuel Consumed 9 Liters

Battery Backup Time 64 Minutes

Remarks DG auto-start relay checked & tested OK

5. Good Practices to Maintain Compliance

• Never bypass safety systems to “make site work faster.”

• Immediately report any regulatory breach (fuel theft, earthing failure, DG leakage).

• Keep the site clean, safe, and secured.

• Always use PPE (helmet, gloves, safety shoes) to comply with safety norms.

• Take photographic evidence of all major work and upload to digital reporting systems.
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Exercise

Short Questions:

1. Briefly explain why remote monitoring is essential in telecom site power management.

2. Describe two key maintenance steps performed during battery bank servicing.

3. What is the importance of maintaining proper grounding at telecom sites?

Multiple Choice Questions:

1. A hybrid telecom power system typically combines:

a) Solar, wind, and DG/battery systems

b) Only diesel generators

c) Only wind energy

d) AC power without backup sources

2. Lead-acid batteries require periodic:

a) Software updates

b) Electrolyte level checks and terminal cleaning

c) Painting of battery casing

d) Air filter cleaning only

3. Remote monitoring systems help technicians by:

a) Increasing site visits

b) Providing real-time alarms and performance data

c) Removing the need for any maintenance

d) Stopping data collection

4. Predictive maintenance focuses on:

a) Waiting for equipment to fail before action

b) Replacing all components at fixed intervals with no data

c) Detecting early warning signals using analytics

d) Ignoring performance trends

5. Load balancing in telecom power systems ensures:

a) One rectifier carries all the load

b) Power distribution is uneven

c) Energy distribution is optimized and stress is reduced

d) Batteries are disconnected during peak load

True/False Questions:

1. Lithium-ion batteries generally require less frequent maintenance than lead-acid batteries.

2. Fault diagnosis using data analytics can reduce unexpected outages at telecom sites.

3. Load balancing is done to overload one power module to increase performance.

4. Proper documentation of maintenance activities helps in maintaining regulatory compliance.

Fill in the Blanks:

1. Hybrid power systems combine renewable sources with __________ backup systems for

continuous operation.

2. Predictive maintenance uses data trends and __________ analytics to detect issues early.

3. __________ monitoring tools help track alarms, equipment performance, and site health in real

time.

4. Accurate digital reporting is necessary for compliance, audit readiness, and operational

__________.
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Site Operations Safely 
and Hygienically
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Unit 3.1 - Safety Standards and Site Compliance

Unit 3.2 - Remote Monitoring, Security, and Alarm 

Management

Unit 3.3 - Energy Efficiency and Record Management 
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1. Explain the applicable national and international safety regulations for telecom sites and

infrastructure.

2. Demonstrate how to implement and verify adherence to national and international safety

standards for telecom sites (e.g., IEC, OSHA, BIS).

3. Describe fire safety measures, fuel storage guidelines, electrical hazard management, and site

evacuation procedures.

4. Show how to ensure the proper functioning of civil, mechanical, and electrical infrastructure at

the site, including fire safety equipment and grounding systems.

5. Discuss best practices in telecom site hygiene and maintenance.

6. Demonstrate how to identify and clear unwanted materials to maintain a clutter-free and hygienic

site, including proper waste segregation.

7. Elucidate site administration processes, including vendor coordination and compliance checks.

8. Show how to verify electricity bill readings, monitor vendor activities for contract adherence, and

ensure accurate documentation of site operations.

9. Demonstrate how to maintain records of safety inspections, repairs, regulatory compliance, and

Service Level Agreements (SLAs).

10. Elucidate the use of remote monitoring tools for tracking telecom site security, power alarms, and

energy efficiency.

11. Show how to track site alarms, sensor data, and security alerts using remote monitoring systems,

ensuring timely response to unauthorized access incidents.

12. Determine the classification of alarms, troubleshooting methods, and escalation procedures for

critical failures.

13. Demonstrate how to conduct routine checks on power equipment, including solar panels, battery

banks, DG sets, PIU, and SMPS, ensuring proper maintenance and hygiene.

14. Describe the functionality of security systems, including access control and surveillance cameras.

15. Demonstrate how to ensure the proper functioning of surveillance cameras, access control

systems, and alarms for preventive maintenance.

16. Explain telecom hardware integration with energy-efficient solutions, such as hybrid power

systems.

17. Show how to ensure the proper functioning of civil, mechanical, and electrical infrastructure at

the site, including fire safety equipment and grounding systems.

18. Discuss energy audit methodologies and strategies to improve energy efficiency in telecom sites.

19. Show how to maintain accurate logs of equipment maintenance, power usage, fuel supply, and

vendor activities for compliance and auditing.

By the end of this module, the participants will be able to:
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By the end of this unit, the participants will be able to:

1. Explain the applicable national and international safety regulations for telecom sites and
infrastructure.

2. Demonstrate how to implement and verify adherence to national and international safety
standards for telecom sites (e.g., IEC, OSHA, BIS).

3. Describe fire safety measures, fuel storage guidelines, electrical hazard management, and site
evacuation procedures.

4. Show how to ensure the proper functioning of civil, mechanical, and electrical infrastructure at
the site, including fire safety equipment and grounding systems.

5. Discuss best practices in telecom site hygiene and maintenance.
6. Demonstrate how to identify and clear unwanted materials to maintain a clutter-free and hygienic

site, including proper waste segregation.
7. Elucidate site administration processes, including vendor coordination and compliance checks.
8. Show how to verify electricity bill readings, monitor vendor activities for contract adherence, and

ensure accurate documentation of site operations.
9. Demonstrate how to maintain records of safety inspections, repairs, regulatory compliance, and

Service Level Agreements (SLAs).

3.1.1 Safety Regulations for Telecom Sites and Infrastructure

UNIT 3.1: Safety Standards and Site Compliance

Unit Objectives

Telecom tower sites involve electrical power systems, RF equipment, heavy structures, batteries, DG

sets, and climbing activities. To ensure safe installation, maintenance, and operation, technicians must

comply with both Indian national regulations and widely accepted international safety standards.

1. National Safety Regulations (India)

Regulatory Authority / Standard
Scope of Safety 

Regulation
What It Means for Technicians 

(Action Required)

Department of Telecommunications 
(DoT)

Telecom 
infrastructure 
operation and uptime

Maintain network uptime, prevent 
unauthorized shutdowns, follow 
approved tower structure guidelines

Central Electricity Authority (CEA) 
Regulations, 2010 & 2019

Electrical installations, 
earthing, grounding, 
and safety

Perform proper grounding (< 5Ω 
where feasible), avoid exposed live 
wires, perform insulation checks

Bureau of Indian Standards (BIS) – IS 
5613, IS 3043, IS 2083, etc.

Standards for tower 
construction, 
earthing, and 
equipment installation

Ensure tower ladder, climbing 
routes, earthing conductors, and 
lightning protection are as per IS 
codes

Ministry of Labour & Employment –
Occupational Safety, Health & 
Working Conditions Rules (2020)

Safety of workers at 
job sites

Mandatory use of PPE: safety 
helmet, full-body harness, gloves, 
safety shoes, fall-arrest system

Telecom Tower Site Maintenance Technician
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Indian Electricity Rules, 1956 Protection from electric shock & 
short circuits

Follow lock-out/tag-out (LOTO) 
procedures when working on 
electrical circuits

Central Pollution Control Board 
(CPCB)

DG set emissions and noise 
control

Ensure DG silencers are 
functional, exhaust direction is 
compliant, no fuel leakage

State Pollution Control Board Environmental clearances and 
diesel storage norms

Maintain spill-proof diesel 
handling and record fuel use 
honestly

Local Municipal and Fire 
Department Regulations

Fire safety compliance at 
telecom sites

Ensure availability of ABC fire 
extinguisher, unobstructed 
access paths, clear signage

2. International Safety Standards (Widely Adopted Best Practices)

Even though not all are legally mandatory, telecom companies adopt these standards to improve safety.

Standard / Organization Purpose / Relevance Field-Level Application

ISO 45001 – Occupational 
Health & Safety Management 
Systems

Reduces workplace hazards Follow documented safe work 
procedures and safety briefings 
before starting work

ISO 14001 – Environmental 
Management Systems

Controls environmental impact Safe battery disposal, diesel 
handling, waste segregation

IEC Standards (International 
Electrotechnical Commission)

Safe electrical equipment, 
grounding, lightning protection

Electrical installations and 
earthing practices align with IEC 
norms

IEEE Std 80 & IEEE Std 142 Grounding and earthing system 
design

Check and maintain earth pits, 
bonding, and grounding 
continuity

OSHA (Occupational Safety and 
Health Administration - U.S.)

Worker safety standards for 
climbing and high-altitude work

Use full-body harness, 100% tie-
off, avoid working under 
suspended loads

NFPA 70 / NEC (National 
Electrical Code)

Safe electrical wiring practices Ensure correct cable size, proper 
breaker protection, avoid 
overloads

ITU-T K-Series Standards Protect telecom sites from 
lightning & power surges

Ensure surge protectors, 
lightning arresters, and 
grounding networks are 
functioning
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3. Safety Requirements During Tower Climbing

Requirement Must Do Must NOT Do

Fall Protection
Use full-body harness, double lanyard for 
100% tie-off

Never climb without fall protection

Weather Check
Climb only in safe weather (no 
storms/high winds)

Do not climb when the tower is wet or 
during lightning

Buddy System
Always climb with another trained 
technician present

Never climb alone

Health 
Condition

Ensure fitness and no vertigo/fatigue 
before climbing

Do not climb if dizzy, sick, or tired

4. Electrical & Battery Safety Requirements

Area Compliance Requirement Technician Action

DC Power & Batteries Batteries must be ventilated and 
secured

Check for swelling, acid leaks, 
corrosion; keep baking soda for 
neutralization

SMPS / Rectifier Maintenance Must be de-energized before 
servicing

Use LOTO (Lock-Out-Tag-Out)

Diesel Generator (DG) DG must meet CPCB noise and 
emission norms

Keep DG room ventilated, check 
fuel lines, maintain logbook

5. Fire and Emergency Preparedness
• Keep ABC-type fire extinguisher accessible and within validity.
• Never store diesel, cleaning agents, or lubricants inside shelter rooms.
• Maintain clear escape route paths.
• Train for emergency shutdown procedures.

3.1.2 Implementing and Verifying Safety Standards at Telecom 
Sites (Learner-Friendly)

As a Telecom Tower Site Maintenance Technician, your safety and the safety of equipment and the site

is your responsibility. To do this, we follow certain national and international safety standards, such as:

Telecom Tower Site Maintenance Technician
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Standard Area Covered Why It Matters for You

BIS / IS Codes (India) Earthing, tower structure, materials Ensures safe grounding and 
prevents shocks or lightning 
damage

CEA Rules Electrical wiring and power safety Prevents electrical accidents during 
maintenance work

IEC Standards Equipment installation & surge 
protection

Ensures equipment operates safely 
and reliably

OSHA Safety Practices Work at height & fall protection Keeps you safe while climbing 
towers

ISO 45001 Principles Safety management and incident 
reporting

Helps maintain a safe working 
environment for all workers

1. How to Implement Safety Standards on the Site

A. Work at Height Safety (OSHA Guidelines)

Always follow 100% tie-off rule when climbing.

What You Must Do:

• Wear a full-body safety harness

• Use double lanyard (so at least one hook is always attached)

• Check anchor points before climbing

• Never climb alone — use buddy system

• Do not climb in rain, lightning, or high wind

Quick Check Before Climbing (Learner Checklist)

Item Confirm (Yes/No)

Harness has no cuts or rust ᵟ

Hooks lock and release properly ᵟ

Helmet strap secured ᵟ

Safety shoes with grip ᵟ

Another trained person is present ᵟ

B. Electrical Safety (CEA Rules + IEC Standards)

Before touching any electrical panel:

1. Switch OFF the supply

2. Use Lockout/Tagout (LOTO)—this ensures nobody switches power ON by mistake

3. Check panel with a tester to confirm no voltage

4. Only then start working

Remember:

Never work on live wires. Electricity can cause fatal injuries.
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C. Earthing and Lightning Protection (BIS Guidelines)

Proper earthing protects equipment and prevents shocks.

What You Must Do:

• Measure earth resistance using an earth tester

• Acceptable value: Less than 5 ohms (better if below 2 ohms)

• Report high resistance to supervisor for earthing pit maintenance

D. DG Power & Fuel Safety (Local Guidelines)

• Never smoke near DG or fuel

• Ensure ventilation is open

• Check for fuel leak, oil leak, and exhaust pipe heat

2. How to Verify (Check) That Safety Standards Are Followed

Use observation, measurement, and recording.

Safety Area How You Verify
Evidence to Record (Digital App 

/ Logbook)

Fall protection Watch if technician remains 
tied-off while climbing

Climb log + photos

Electrical safety Check LOTO applied and no live 
work happening

LOTO record + signature

Earthing Measure with earth tester Earth resistance reading + 
photo

Batteries Inspect terminals, swelling, 
leakage

Battery health log

Fire safety Check fire extinguisher expiry 
date

Monthly fire safety checklist

3. Simple Maintenance Technician Safety Checklist (Use Daily)

Check Item Action If Problem Found

Harness and PPE Inspect and wear properly Replace or report immediately

Electrical panel Use LOTO before opening Do not work if LOTO not 
possible

Ladder/Climbing System Check condition before 
climbing

Stop work and inform 
supervisor

Earthing Check earth pit condition & tag 
reading

Report if resistance > 5 Ω

Fire extinguisher Check pressure needle in green 
zone

Replace or refill

Telecom Tower Site Maintenance Technician
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4. When and How to Report Safety Issues

If you see:

• Broken ladder step

• Loose tower bolt

• Fuel leakage

• Battery leaking acid

• Anchor point rusted

Do not continue work

Report to supervisor / NOC immediately using digital app:

• Attach photo or video

• Write short clear message (e.g., "Fuel pipe leaking near DG pump")

3.1.3 Fire Safety, Fuel Storage, Electrical Hazard Management, 
and Site Evacuation Procedures

Telecom tower sites contain electrical equipment, diesel generators, batteries, power cables, and

electronic components. If not handled safely, they can cause fire hazards, electric shock risks, or

emergency situations. As a technician, your job is to prevent hazards, identify risks early, and respond

correctly in emergencies.

1. Fire Safety Measures

Common fire-causing risks at tower sites

• DG (Diesel Generator) overheating

• Diesel leaks

• Loose electrical connections causing sparks

• Overloaded cables

• Battery thermal runaway (overheating / venting)

Your Fire Safety Actions

Task Technician Action Why It’s Important

Check fire 
extinguisher

Ensure ABC-type extinguisher is 
present, accessible, and pressure 
gauge is in GREEN zone

ABC extinguisher works on electrical, 
fuel, and chemical fires

Maintain ventilation Keep shelter doors/vents open 
while equipment is running

Prevents heat build-up and overheating

Inspect cabling Check for loose contacts, burnt 
smell, discoloration

Early detection prevents fire

Keep site clean Remove paper, cloth waste, 
packaging, leaves

Reduces fire fuel load at site
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How to Use Fire Extinguisher (P.A.S.S. Method)

• Pull safety pin

• Aim nozzle at base of fire

• Squeeze handle

• Sweep left to right

Never throw water on electrical or fuel-based fire.

2. Fuel (Diesel) Storage and Handling Guidelines

Most telecom towers use DG sets, requiring diesel fuel, which is flammable.

Fuel Storage Rules

Requirement Correct Practice

Storage Store diesel only in approved container (metal/HDPE) with tight cap

Location Keep fuel away from shelter, not inside equipment rooms

Labeling Container must be labeled "DIESEL - FLAMMABLE"

Handling Use funnel or fuel pourer to avoid spills

Spillage Wipe spilled fuel immediately and report leakage

No smoking Strict NO SMOKING near DG or fuel storage area

Fuel Log Entry Example

Parameter Entry
Fuel Received 20 liters @ 10:00 AM
Issued By DG Operator / Vendor
Received By Technician Name & ID
DG Run Hours Logged 1.5 hours
Remarks No leakage detected

Maintaining correct fuel logs helps prevent theft and ensures safe DG operation.

3. Electrical Hazard Management
Telecom sites operate on AC and DC power systems. Unsafe handling can cause electric shock, fire,
and equipment damage.

Your Electrical Safety Steps

Step Action
1. Inspect cables Look for cuts, burns, melted insulation

2. Use LOTO Lock-Out-Tag-Out before maintenance (disconnect power & tag)

3. Test before touch Use tester/multimeter to confirm no live voltage

4. Use insulated tools Do not use bare metal tools on live panels

5. Avoid water contact Never work with wet hands or near water

Telecom Tower Site Maintenance Technician
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Battery Bank Safety

• Do not touch both positive and negative terminals together

• Ensure battery room is ventilated (avoids hydrogen gas buildup)

• Keep baking soda at site to neutralize acid spills

4. Site Evacuation Procedures

Emergency situations may include:

• Fire outbreak

• Structural damage

• Electrical short circuit

• Diesel spill and ignition

• Severe weather (lightning, storm)

• Injury / medical emergency

Evacuation Steps

Step What You Must Do
1. Stop Work Immediately stop maintenance / climbing

2. Shut Down If safe, turn OFF power and DG

3. Move to Safe Zone Exit shelter/tower area and gather outside gate

4. Inform NOC/Supervisor Share site ID, issue, and status

5. Do Not Re-enter Only return when cleared by supervisor / site engineer

Emergency Contact Information Display

Every site must have:

• Supervisor Contact

• NOC Hotline Number

• Nearby Fire Station Contact

• Nearest Local Clinic / Hospital

If in doubt, always prioritize safety — equipment can be replaced, lives cannot.

5. Quick Safety Checklist (Carry Daily)

Safety Item Confirm (Yes/No)

Fire extinguisher accessible & pressure in green zone ᵟ

No diesel stored inside shelter ᵟ

No cable burning smell / loose connection ᵟ

PPE worn: Helmet, Gloves, Safety Shoes, Harness (if climbing) ᵟ

Emergency contacts visible at site ᵟ
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Key Safety Message for Technicians

“If something looks unsafe: STOP WORK and REPORT. Safety Always Comes First.”

3.1.4 Ensuring Proper Functioning of Site Infrastructure 
(Civil, Mechanical, and Electrical)

A telecom tower site has three main types of infrastructure:

1. Civil Infrastructure – Tower structure, shelter, fencing, foundation.

2. Mechanical Infrastructure – DG set, cooling systems, fans, tower accessories.

3. Electrical Infrastructure – Batteries, SMPS/Rectifier, AC supply, earthing, lightning protection.

Your role is to inspect, maintain, test, and report the condition of these systems to keep the site safe,

reliable, and operational.

1. Civil Infrastructure Maintenance

Civil structures must be stable, secure, and safe to access.

What to Check & How to Check

Structure Element What to Inspect How to Verify Action if Issue Found
Tower structure & bolts Rust, cracks, missing 

bolts
Visual inspection from 
ground & while 
climbing

Replace bolts, report 
rust to supervisor

Foundation & concrete 
base

Cracks, water seepage Look for surface 
damage or erosion

Report immediately 
(structural risk)

Shelter / Outdoor 
Cabinet

Door lock, water 
leakage, ventilation

Open/close door, 
inspect for dampness

Seal leaks, report lock 
damage

Boundary wall / 
Fencing

Broken panels, gate 
lock

Physical check Repair / replace / 
secure

Cable routing & trays Loose cables, broken 
clamps

Hand-tight and re-clip 
cables

Fix clamps and tie 
cables neatly

Good Practice:

Keep the site clean—dust, leaves, and paper can become fire fuel or block ventilation.

2. Mechanical Infrastructure Maintenance

A. Diesel Generator (DG) Set Checklist

Telecom Tower Site Maintenance Technician
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Component Check For Technician Action

Fuel Tank & lines Leakage, smell Tighten connections, report leaks

Oil Level Below mark Top up with correct engine oil grade

Coolant Low or dirty Refill/replacement

Exhaust System Proper direction & no 
block

Ensure exhaust is not pointed toward shelter

Noise Level Very loud or abnormal May indicate silencer or engine issue → 
report

DG Run Test Weekly 10–15 mins Observe sound, vibration, smoke color

Smoke Color Meaning:

• Normal: Light grey

• Black: Fuel incomplete burning → Air filter / injector issue

• Blue: Oil burning → Engine wear issue

B. Cooling Systems (AC Units / Ventilation Fans)

• Ensure filters are clean

• Check cooling air flow (air should feel cool)

• Listen for unusual noise or vibration

• Clean dust from intake grills and blades

If shelter temperature > 30°C → report to NOC for HVAC service.

3. Electrical Infrastructure Maintenance

A. Battery Bank

Check Normal Condition What to Do if Abnormal
Battery voltage ~54V float mode (48V system) Report low voltage / perform 

equalization charge
Terminals Clean, no corrosion Clean with brush, apply petroleum jelly

Physical Condition No bulging or leakage Stop battery from usage & escalate

B. SMPS / Rectifier

• Ensure LED indicators show Green/Normal

• Verify output voltage (typically 53.5V–54.5V)

• Check alarm messages and escalate unusual readings
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4. Grounding (Earthing) and Lightning Protection

Proper grounding protects both technicians and equipment.

Grounding System Components

• Earth pit

• Copper/GI grounding strip

• Bonding to rack, tower, DG, battery, shelter

How to Measure Earth Resistance

1. Use Earth Resistance Tester

2. Isolate the earth pit from bonding strip

3. Connect tester terminals as per device instruction

4. Measure value

Condition Acceptable Value Action
Good Grounding ≤ 5 Ω Log value & date

High Resistance > 5 Ω Pour water/salt around pit and 
recheck, report for maintenance

Lightning Protection Check

• Confirm lightning arrestor is firmly attached at tower top

• Ensure down conductor is continuous to earth pit

• No cuts, rust, or loose clamps

5. Fire Safety Equipment Maintenance

Item Check Technician Action

ABC Fire Extinguisher Pressure gauge in 
GREEN zone

If low → replace/refill immediately

Fire Bucket Sand (if present) Dry, not lumpy Refill if contaminated

No smoking signs Visible at DG area Replace faded signs

Ventilation Ensure airflow Keep vents unblocked

Quick Fire Response Steps (Recall: P.A.S.S.)

Pull pin → Aim at base → Squeeze handle → Sweep side to side

6. Daily Maintenance Log Template (For Technicians)

Parameter Reading/Status Remarks
Shelter Temp ___ °C
DG Fuel Level ___ %
Battery Voltage ___ V
Earthing Resistance ___ Ω
Fire Extinguisher Status OK / Refill needed
Tower Structure Visible Check OK / Issue
Fencing & Lock Condition OK / Issue

Submit this using FSM (Digital Reporting) App after every site visit.

Telecom Tower Site Maintenance Technician
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3.1.5 Best Practices in Telecom Site Hygiene and Maintenance

Why Site Hygiene Matters

Telecom sites operate 24×7. Dust, moisture, pests, cluttered cables, and poor housekeeping can lead to:

• Overheating of equipment

• Short circuits and fire hazards

• Reduced lifespan of batteries, rectifiers, and DG sets

• Health and safety issues for technicians and site guards

• Increased downtime and service disruptions

Maintaining site hygiene ensures smooth operation, extended equipment life, safer working conditions,

and high network uptime.

A. General Housekeeping Best Practices

Area What to Check What to Do Tools Required
Shelter / Rack Room Dust, debris, cable 

clutter, water leakage
Clean surfaces, secure 
cables using clips/velcro 
ties, ensure dry 
environment

Broom, cloth, cable ties

Battery Bank Area Acid residue, corrosion, 
puddling

Neutralize corrosion, 
keep electrolyte levels 
in spec, ensure cooling 
& ventilation

PPE, baking soda, 
distilled water

DG Set Area Oil leaks, soot buildup, 
litter

Clean DG body, remove 
spills immediately, 
ensure exhaust is clear

Hand gloves, oil 
absorbent pads

Outdoor Unit / Tower 
Base

Rust, loose bolts, bird 
nesting

Apply anti-rust paint, 
tighten bolts, remove 
nests (carefully)

Spanner set, anti-rust 
spray

Store/Spare Area Mixed storage, missing 
labels

Tag spare parts, follow 
FIFO, keep shelves 
raised above floor

Label maker, racks

B. Cable Management Best Practices

Good cable management prevents overheating & accidental disconnection.

Steps:

1. Identify power, RF, grounding, and control cables separately.

2. Use color-coded tags or labels.

3. Place cables in trays or conduits; avoid ground-level loose routing.

4. Ensure minimum bending radius as per manufacturer spec.

5. Keep connectors tight and protected using weatherproofing tape (outdoor).

Quick Rule:

→ Cables must be neat, labeled, elevated, and secured.
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C. Pests, Moisture & Dust Control

Issue How to Detect Action to Take Prevention

Rodents Droppings, chewed 
cables

Install rodent traps or 
repellents

Seal cable entry points; 
avoid food inside site

Termites Mud tunnels on walls 
or wooden boards

Use anti-termite 
treatment

Maintain dry site 
conditions

Dust Coating on racks, fans, 
filters

Clean filters and wipe 
surfaces weekly

Keep windows/doors 
sealed

Moisture Wet floor, sweating 
panels

Check roof leaks, AC 
humidity controls

Ensure proper 
ventilation & drainage

D. AC and Ventilation Hygiene

• Ensure air filters are cleaned every 15–30 days.

• Check AC set point (usually 24–26°C).

• Make sure airflow is unobstructed (no spare boxes blocking vents).

• Condenser fan and coils must be cleaned to avoid overheating.

E. Fuel & DG Area Hygiene

• Keep fuel drums covered and stored away from heat sources.

• Remove any oil spills immediately.

• Maintain separate containment tray / bund wall to avoid ground seepage.

• DG exhaust pipes must not be blocked; ensure airflow.

F. Grounds & Tower Base Area

• Keep grass trimmed to prevent snakes & fire hazards.

• Ensure proper drainage to prevent water stagnation.

• Remove waste packing material after maintenance work.

• Keep grounding strips visible, not buried under mud.

G. Site Hygiene Responsibility Routine

Task Frequency Performed By Logged In

General site cleaning Weekly Technician / Guard Site Maintenance 
Logbook / App

Cable tray and rack 
inspection

Monthly Technician Digital Maintenance 
Report

Pest control inspection Monthly / As required Vendor / Technician Vendor Report + Site 
Log

AC Filter Cleaning 15–30 Days Technician AC Health Check Log

Spill & Leakage Checks Every Visit Technician Preventive 
Maintenance Checklist

Telecom Tower Site Maintenance Technician
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H. Field Checklist – To Be Filled by Learner / Technician

Site Hygiene & Safety Inspection Checklist

Item Condition ( / ) Remarks
Floor clean and dry

Cable routing neat & labeled

Air filters clean
No water leakage / moisture

Battery terminals corrosion-free

DG area clean, no fuel leakage

Tower base rust-free & secure

Waste/discard materials disposed

Technician Signature: ___________

Date: ___________

3.1.6 Maintaining a Clean and Clutter-Free Telecom Site 

Maintaining a clean and clutter-free telecom site is essential for:

• Safety (prevents tripping, fire risks, pest infestation)

• Equipment Efficiency (prevents overheating and blockages)

• Professionalism (site reflects quality of operations)

• Compliance (many companies and operators audit hygiene)

A. What Are Unwanted Materials at Site?

Unwanted materials are items not required for daily functioning or damaged beyond repair.

Examples:

Category Examples at Site Risk if Not Removed

Packaging Waste Wrappers, plastic covers, cable 
reel boxes

Fire hazard, dust accumulation

Damaged / Faulty Parts Burnt fuses, damaged cables, 
rusted nuts/bolts

May be mistakenly reused, 
unsafe

Used Consumables Waste oil cans, DG filters, used 
cotton waste

Chemical contamination, fire 
hazard

General Garbage Food waste, bottles, paper 
cups

Pests (rats, insects), bad smell

Construction Debris Broken tiles, cement, metal 
scraps

Injury risk, restricts pathways
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B. How to Identify Clutter (Inspection Process)

Do This Every Visit:

1. Walk around the site (outside + shelter room).

2. Look under racks, corners, cable trays, DG area.

3. Identify any item not in use or stored properly.

4. Ask: “Is this used for ongoing operations?”

o If No → It is waste

o If Yes → It must be stored correctly & labeled

C. Waste Segregation Method (Very Important Skill)

Telecom sites require separate handling for different waste types.

Waste Segregation Bins / Labels

Type of Waste Bin / Container Disposal Guidance

General Waste (paper, cloth, food waste) Green Bin Dispose locally or weekly pickup

E-Waste (PCB, cables, old SMPS, 
connectors)

Red Bin Send to authorized e-waste 
recycler only

Hazardous Waste (battery acid residue, 
oil-soaked cloth)

Yellow Bin Must not be mixed; handled by 
trained vendor

Metal Scrap (nuts, bolts, clamps) Blue Bin Store & send to scrap inventory 
register

D. Step-by-Step: Clearing Unwanted Material from Site

Follow this procedure during Preventive Maintenance or Housekeeping Visits:

1.Wear PPE

o Safety gloves, helmet, safety shoes, dust mask

2.Collect All Unwanted Items

o From floor, corners, roof leakage area, under racks

3.Segregate Items Using the Table Above

o Never mix e-waste with general waste

o Handle battery/chemical waste carefully

4.Label & Store in Temporary Holding Area

o Use: “Scrap / To Be Returned / Faulty Material” tags

5.Record in Material Disposal Log

o Very important for audits (example log below)

6.Coordinate Disposal with Vendor / Supervisor

o E-waste and hazardous waste must be disposed only via authorized agency

E. Material Disposal Log (To Be Filled by Technician)
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Date
Material 

Description

Type (General / 
E-Waste / 

Hazardous / 
Scrap)

Qty Removed By Sent To Remarks

29/10/2025 Damaged RF 
cable

E-Waste 1 Coil Technician Return Store To be 
replaced

29/10/2025 Oil-soaked 
filter cloth

Hazardous 2 pcs Technician Vendor 
Pickup

Avoid repeat 
spills

29/10/2025 Cardboard & 
plastic wraps

General 1 Bag Technician Local 
Disposal

Done

F. Visual Clutter Check – Quick Checklist

Check Item OK ( ) Needs Action ( )

All floors are clean and clear 
from debris

No spare cables lying loose on 
floor

Cable trays are neat, no 
hanging loops

E-waste stored in allocated 
container

DG and fuel area free of spills 
and garbage

Battery room free from 
corrosion and waste cloth

Technician Signature: __________

Date: ___________

3.1.7 Site Administration, Vendor Coordination & Compliance 
Checks

As a Telecom Tower Site Maintenance Technician, your role is not limited to technical repair and

maintenance. You also act as the on-ground administrator for the site. This ensures smooth coordination

between contractors, supply chain, and network operations, while maintaining safety, compliance, and

operational uptime.
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1. Key Responsibilities in Site Administration

You will be responsible for:

• Managing site access (who enters, why, and when)

• Coordinating with vendors for services like DG maintenance, HVAC servicing, tower painting, pest

control, etc.

• Ensuring that only authorized personnel work on the equipment

• Updating logs and documentation for compliance and audits

• Reporting site conditions, risks, and any non-compliance issues

2. Site Access & Visitor Management

Always protect the site from unauthorized access.

Procedure to Follow

Step Action Details to Ensure

1. Verify Identity
Check ID Cards & Work Order 
details

No ID → No entry

2. Log Entry
Record visitor in Site Access 
Log

Time of entry, purpose, contact 
number

3. Supervise Work
Ensure vendor works only 
within assigned task

Do not leave vendors 
unsupervised

4. Log Exit
Confirm site area is restored 
and secured

Record exit time + your 
signature

Site Access Log (Example)

Date
Person / 

Vendor Name
Company Work Purpose In Time

Out 
Time

Technician 
Signature

30/10/2025 Rajesh Kumar
ABC HVAC 
Services

AC Filter 
Replacement

09:45 11:30

3. Vendor Coordination

Vendors provide specialized services that you do not perform yourself.

Typical Vendors You Will Coordinate With

Vendor Type Responsibility

DG Technician Diesel generator service & repair

HVAC / AC Technician Shelter cooling system maintenance

Tower Rigger Team Antenna alignment, tower works

Battery Supplier / AMC Team Battery testing, replacement

Fuel Supplier Diesel refilling for DG
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How to Coordinate Effectively

• Confirm work order number and task description before allowing work.

• Check that vendor uses PPE and follows site safety rules.

• Record parts used and update inventory log.

• Verify work completion and close the task in the digital reporting app.

4. Compliance Checks (Very Important Skill)

Every telecom site is required to follow technical, operational, and safety standards.

Your job is to check regularly and report deviations immediately.

Key Compliance Areas

Area What to Check Why It Matters

Grounding / Earthing Resistance value within allowed 
limits (ideally < 5Ω)

Prevents electric shock & 
equipment failure

Fuel Storage Safety No leaks, drums labeled, spill 
tray in place

Prevents fire accidents

Battery Room Safety Ventilation working, no acid 
leaks, PPE available

Protects from chemical hazards

Fire Safety Equipment Fire extinguisher present & not 
expired

Enables emergency response

Physical Security Fences intact, locks secured, 
CCTV working

Prevents theft and vandalism

5. Site Compliance Checklist (To Be Filled Each Visit)

Checklist Item OK ( ) Needs Attention ( ) Remarks

Access gate & site fencing secured

DG area clean & no fuel leakage

Fire extinguisher available & valid

Earthing/Grounding cable intact & tagged

Shelter ventilation & AC functioning

Battery backup indicators normal
Tower structure free of loose bolts/rust

Spill kits / PPE available

Technician Signature: __________

Date: ___________
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6. Communication and Reporting

Always communicate clearly and in a structured manner.

Use Digital Reporting Tools For:

• Check-in/check-out

• Fault escalation

• Maintenance logs

• Vendor service confirmation

• Spare parts and consumption reports

3.1.8 Site Monitoring, Billing Verification & Vendor 
Performance Tracking

As a Telecom Tower Site Maintenance Technician, you help ensure the site runs efficiently and cost-

effectively.

This requires accurate monitoring of power usage, contractor performance, and site documentation.

1. Verifying Electricity Bill Readings

Electricity costs form a major part of tower maintenance expenses. Incorrect billing or meter faults can

cause financial losses.

Where to Check:

• Site Electricity Meter

• DG Run Hours Meter

• Energy Log Sheet maintained at site

Step-by-Step Verification Process

Step Action What to Look For Notes

1. Check Site Meter 
Reading

Observe & record 
current kWh reading

Compare with last visit 
record

Ensure no sudden 
abnormal jump

2. Compare Bill Reading Check the reading 
printed on electricity 
bill

Matches with meter 
reading?

If mismatch → report 
to supervisor

3. Verify Billing Period Ensure bill dates match 
site uptime period

Look for 
short/extended billing 
cycle

Incorrect period → 
billing error

4. Cross-check DG Run 
Hours

Confirm DG hours do 
not exceed normal 
usage expectation

Compare with fuel 
refilling log

High DG hours → 
possible power supply 
issue

5. Update Power Log 
Sheet

Record readings 
digitally (FSM app)

Meter reading, DG 
hours, date/time, your 
signature

Maintain accuracy for 
audit

Telecom Tower Site Maintenance Technician

109



Participant Handbook

Example Power Log Entry

Date
Meter Reading 

(kWh)
DG Run Hours Remarks Technician Sign

30/10/2025 188,450 3.2 Grid stable, 
normal

Tip: Always take a photo of the meter and attach to digital log for proof.

2. Monitoring Vendor Activities for Contract Adherence

Vendor teams perform critical services such as:

• DG Maintenance

• Battery Replacement

• HVAC/AC Servicing

• Tower Structural Maintenance

• Fuel Delivery

Your Responsibility

You must ensure vendor work is done:

• As per contract scope

• With correct materials

• Following safety procedures

• Without unnecessary costs

Vendor Work Validation Process

Step Task What You Must Verify

1. Confirm Work Order Check job details in FSM app / 
Supervisor instruction

Right vendor, correct task

2. Verify Identity Check vendor ID + company 
authorization letter

No unauthorized persons 
allowed

3. Check Tools & PPE Vendor must use proper tools and 
safety gear

If not, stop work and report

4. Supervise Work Observe work progress without 
interfering

Ensure work is actually 
performed

5. Verify Materials Used Confirm part numbers, serial 
numbers, quantities used

Avoid misuse or fake material 
claims

6. Sign Completion Only 
After Work is Done

Do not sign without verifying 
physically

Attach photos + test readings
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3. Ensuring Accurate Documentation of Site Operations

Why Documentation Matters

• Maintains audit trail

• Ensures transparency

• Helps detect fraud/overcharging

• Supports network performance monitoring

Required Documents to Update

Document / Log What to Record Where Stored
Power Log Book Meter reading, DG run hours, fuel level Digital FSM app / onsite log sheet

Maintenance Log Tasks performed, parts replaced, 
condition verified

FSM app

Vendor Visit 
Register

Vendor name, company, purpose, time 
in/out

Site Access Log

Fuel Receipt Log Quantity delivered, vendor name, DG 
level before/after

Fuel Register / FSM app

Incident/Alarm 
Report

Any power failure, equipment fault or 
critical alarm

Incident Reporting App Section

4. Sample Vendor Service Completion Verification Form

Field Entry Example Purpose

Vendor Name ABC HVAC Services Identify service provider

Task Performed AC Filter Replacement + Gas Top-up Define activity

Work Start / End Time 10:05 AM – 12:15 PM Check efficiency & billing

Spare Parts Used Filter Model-F45, Gas Type-R410 Track inventory

Final Readings Shelter Temp Before: 38°C → After: 
26°C

Verify work quality

Technician Verification DIGITAL SIGN + PHOTO of AC Controller 
Reading

Evidence of completion

3.1.9 Documentation & Record-Keeping at Telecom Sites

As a Telecom Tower Site Maintenance Technician, accurate record maintenance is as important as

performing the technical work.

Your documentation provides:

• Proof of work done

• Evidence for audits and regulatory checks

• Support during troubleshooting

• Verification of SLA (Service Level Agreement) performance
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1. Maintaining Records of Safety Inspections

You must inspect safety equipment and conditions every site visit.

What to Check

• Fire extinguisher availability & validity

• Grounding/earthing condition

• Battery ventilation & acid leak signs

• Shelter AC & ventilation systems

• Tower climbing ladder, safety rails & signage

• Personal Protective Equipment (PPE) availability

Safety Inspection Log (Example)

(Fill in FSM app or physical logbook if app is not available)

Date Inspection Item
Condition 

(OK/Not OK)
Action Taken / 

Required
Technician Sign

30/10/2025 Fire Extinguisher 
(CO₂)

OK Validity till: 12/26

30/10/2025 Earthing 
Resistance

Not OK Value 9Ω –
Escalated to NOC

30/10/2025 Battery 
Ventilation

OK Normal airflow

Attach photos of issues in the digital reporting tool before and after rectification.

2. Recording Repairs and Maintenance Activities

Every task must be logged as you perform it.

Repair & Maintenance Record Format

Field What to Enter

Work Order Number From FSM app / Supervisor

Problem Found Describe issue factually

Corrective Action Taken What repair you performed

Parts Used Part name, serial no., quantity

Final Readings/Tests Confirm normal operation

Technician Digital Signature To complete log

Example Entry

• Problem: Rectifier Fan Failure

• Action: Replaced faulty fan module, cleaned air vent

• Final Status: Temp back to normal, alarms cleared
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3. Maintaining Regulatory Compliance Records

Telecom sites must meet national & international safety standards (BIS, ISO, OSHA, IEC, Factory &

Electricity Act).

Compliance Checks Include

Compliance Area Key Records to Maintain Proof Format

Earthing Resistance Earthing test reading sheet Digital log + test photo

Fire Safety Compliance Fire extinguisher inspection tag & log Tag image & checklist

DG & Fuel Handling Daily/Weekly fuel log + timestamp Fuel register + photos

Battery Safety Acid leak, vent cap condition log Maintenance log

Regulatory Compliance Checklist Example

Date Compliance Area
Status 

(Compliant/Non-
Compliant)

Action / 
Escalation

Signature

30/10/2025 Earthing 
Resistance

Non-Compliant Ground 
enhancement 
planned

4. Maintaining SLA Performance Records

SLA = Service Level Agreement between Operator & Infrastructure Provider.

You must support SLA adherence by documenting uptime and fault resolution.

Key SLA Metrics You Contribute To

SLA Metric How You Ensure It

Site Uptime Respond to alarms quickly & restore power fast

Fault Response Time Check-in immediately upon arrival

Fault Resolution Time Log start & completion of repair work

Quality of Repair Ensure final tests & clear alarm status

SLA Activity Log Example

Field Entry

Alarm Time 08:25 AM

Technician Arrival (Check-In) 09:10 AM
Repair Completed 10:35 AM

Total Restoration Time 1 hr 25 min

SLA Status Within Limit 
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5. Digital Reporting Tools (FSM App / NMS Portal)

Always use:

• Check-In → On arrival

• Progress Update → While repairing

• Closure Report → After issue resolved

Attach:

• Photos

• Test reading screenshots

• Part serial numbers

• Signatures (digital)

This ensures audit-ready documentation.

6. Quick Reference Summary for Learners

Record Type Frequency Stored Where

Safety Inspection Log Every visit FSM app / Safety register

Maintenance Work Log After each task FSM app

Compliance Test Data Monthly / Quarterly Compliance folder / Shared portal

SLA Performance Records Every fault event NOC/NMS portal
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By the end of this unit, the participants will be able to:

1. Elucidate the use of remote monitoring tools for tracking telecom site security, power alarms, and
energy efficiency.

2. Show how to track site alarms, sensor data, and security alerts using remote monitoring systems,
ensuring timely response to unauthorized access incidents.

3. Determine the classification of alarms, troubleshooting methods, and escalation procedures for
critical failures.

4. Demonstrate how to conduct routine checks on power equipment, including solar panels, battery
banks, DG sets, PIU, and SMPS, ensuring proper maintenance and hygiene.

5. Describe the functionality of security systems, including access control and surveillance cameras.
6. Demonstrate how to ensure the proper functioning of surveillance cameras, access control

systems, and alarms for preventive maintenance.

3.2.1 Remote Monitoring Tools in Telecom Tower Site 
Operations

UNIT 3.2: Remote Monitoring, Security, and Alarm Management

Unit Objectives

Most telecom sites today are connected to a Remote Monitoring System (RMS) or Network Monitoring

System (NMS).

This system lets the Network Operations Center (NOC) and field technicians monitor site conditions in

real time.

As a Site Maintenance Technician, you must know:

• How to interpret alarms

• How to respond to alerts

• How to use data to improve energy efficiency and uptime

1. What is a Remote Monitoring System (RMS)?

RMS is a digital control and monitoring system installed at the telecom site that continuously tracks

operational parameters such as:

• Power source status (Grid, DG, Battery)

• Security status (Door sensor, motion detector, CCTV)

• Environmental conditions (Temperature, humidity)

• Energy efficiency indicators (Battery health, AC load)

The RMS data is transmitted to the Network Operations Center (NOC) through SIM/Internet.
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2. Key Alarms Monitored Through RMS

Alarm Category Example Alerts What It Means Technician Action

Power Alarms
Grid Fail, Low Battery 
Voltage, DG ON, 
Rectifier Fail

Power supply issue or 
backup failure

Respond quickly to 
prevent outage

Security Alarms
Door Open, Motion 
Detected, CCTV Off, 
Fence Breach

Unauthorized access or 
theft risk

Verify onsite security 
and report

Environmental Alarms
High Temperature, AC 
Failure, Humidity High

Cooling system failure 
or ventilation issue

Check AC/fans/filters 
and restore cooling

Equipment Alarms
Battery Fault, SMPS 
Module Fail, Fire 
Sensor Triggered

Internal system 
malfunction

Perform diagnostics 
and replace faulty part

3. How to Interpret Alarm Dashboard in RMS/NMS

When you log into the RMS/NMS portal (mobile or web), you will typically see:

• Site List → shows site name & alarm status

• Color Indicators:

o Green → Normal

o Yellow → Minor Alarm (Non-service affecting)

o Red → Critical Alarm (Service affecting)

• Alarm Timestamp → when the issue started

• Alarm Type & Code → identifies fault source

Your Responsibility: Respond to red alarms immediately to protect uptime.

4. Responding to Remote Alarms – Practical Workflow

Step Technician Action Description

1. Receive Alarm from NOC / 
RMS

Alarm appears on app or via 
call/SMS

Act quickly

2. Analyze Alarm Type Check whether it’s power, 
security, or environment 
related

Understand impact

3. Verify Data Remotely Check voltage readings, DG 
status, fuel level, temperature

Helps plan tools/spares before 
reaching site

4. Visit Site if Needed Go on-site only if alarm cannot 
be cleared remotely

Avoid unnecessary travel

5. Perform Fix & Clear Alarm Repair/replace part and reset 
alarm panel

Confirm stable operation

6. Update Digital Maintenance 
Log

Submit closure report with 
before/after photos

Ensures SLA compliance
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5. Using RMS for Energy Efficiency Monitoring

Energy efficiency is crucial because power costs are one of the highest operational expenses.

Parameters to Monitor

Parameter Meaning Ideal Condition
Action if Not Within 

Range
Battery Voltage Battery backup 

condition
~52–54 V (float) Check SMPS & battery 

terminals
AC Shelter Temp Cooling performance 22–28°C Check air filters, 

cooling load
DG Run Hours Fuel efficiency & grid 

availability
Depends on grid 
health

Investigate excess DG 
running

Rectifier Load Sharing Even load on modules All modules share 
equally

Replace faulty module

What You Can Improve

• Clean AC filters to reduce power usage

• Identify weak batteries causing inefficient charging

• Report over-running DG to NOC for grid check

6. Security Monitoring Through RMS

Most sites include:

• Door sensors

• Motion detectors

• CCTV feeds

• Lock status monitoring

If Security Alarm is Triggered:

1. Confirm with NOC whether it is a genuine entry or unauthorized access

2. If suspicious:

o Do NOT approach alone at night

o Contact local security / supervisor

3. Document incident in Security Log Report

Telecom Tower Site Maintenance Technician

118



Participant Handbook

3.2.2 Tracking Alarms & Security Alerts Using Remote 
Monitoring Systems (RMS)

Modern telecom tower sites are equipped with Remote Monitoring Systems (RMS) that continuously

monitor the site’s:

• Power systems (Grid, DG, Battery Banks, Rectifier)

• Environmental conditions (Temperature, humidity)

• Security sensors (Door sensors, motion detectors, CCTV, fence alarms)

• Operational performance (Equipment uptime, load sharing, energy consumption)

The RMS sends real-time alerts to the Network Operations Center (NOC) and field technicians through:

• Mobile App Notifications

• SMS Alerts

• Email Alerts

• NMS Dashboard Pop-ups

1. Types of Alarms and Sensor Data Tracked

Alarm / Data Type
Example Alerts / 

Values
What It Indicates

Technician 
Responsibility

Power Alarms Grid Failure, DG 
Running, Low Battery, 
Rectifier Fault

Power supply issue or 
backup fault

Investigate and restore 
normal power

Environmental Data Temperature High, 
Humidity Out-of-range

Cooling system or 
shelter issue

Check AC/Fan/filters 
and ventilation

Security Alerts Door Open, Motion 
Detector Triggered, 
CCTV Offline

Possible unauthorized 
entry

Verify security and 
report immediately

Energy Efficiency Battery Charging 
Current, DG Run Hours

Energy performance 
trends

Take actions to 
minimize excess fuel 
and energy usage

2. How to Access and Read RMS Dashboards

When logging into RMS/NMS:

• Each site is listed with a status icon:

o Normal – No action needed

o Warning – Monitor closely

o Critical – Immediate response required

• Clicking a site displays:

o Live sensor readings

o Active alarms

o Historical data & trends

o Door/CCTV feed (if cameras present)

The technician must review this data before going to the site to plan tools, time, and spares.

3. Practical Steps to Track and Respond to Alarms
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Step Action Purpose

1. Receive Alarm Notification RMS sends notification via 
app/SMS/email

Start response immediately

2. Log Into RMS/NMS 
Dashboard

View site status, alarm type, 
timestamp

Understand nature of issue

3. Check Sensor Data Review temperature, battery 
voltage, DG hours, door status

Identify source and severity

4. Determine Response Need Remote reset or on-site visit? Avoid unnecessary travel

5. Execute Corrective Action Repair, replace, reset or secure 
site

Restore functioning and clear 
alarm

6. Update Digital Maintenance 
Log

Enter work done + before/after 
photos

Compliance + audit record

4. Handling Unauthorized Access / Security Breach

When RMS indicates Door Open, Motion Detected, or Fence Breach:

Immediate Response Checklist

1. Verify Alarm Source

• Check RMS door sensor log and CCTV feed (if available).

• Confirm with NOC whether someone was scheduled to visit the site.

2. If Entry is Unauthorized:

• Do NOT approach alone if situation seems dangerous.

• Inform:

o Supervisor / Site Manager

o Local security guard / police if required

• Stay at a safe distance.

3. Once Safe:

• Inspect locks, boundary fencing, fuel tank enclosure.

• Check for material theft (batteries, cables, fuel).

4. Document Incident:

• Fill Security Incident Report

• Include:

o Date & Time

o Alarm Type & RMS Screenshot

o Findings at Site

o Photos of Damage (if any)

o Actions taken

5. Sample Security Incident Log Format
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Field Details to Enter
Date & Time of Alarm 21/10/2025, 01:15 AM
Site ID / Name BR-PAT-0452
Type of Alarm Door Sensor Triggered
RMS Screenshot Attached Yes/No
Physical Verification Time 02:10 AM

Security Status Observed Lock Broken / Open / Tampered

Items Missing or Damaged Battery Bank - 2 units missing

Corrective Action Taken Reported to Supervisor & Local Police

Technician Name & Phone Amit Kumar, 98XXXXXX10

3.2.3 Alarm Classification, Troubleshooting & Escalation 
Procedures

Telecom tower sites continuously generate alarms to indicate the health and safety status of

equipment.

As a Site Maintenance Technician, your role is to:

• Identify alarm type and severity

• Diagnose the cause using RMS/NMS and physical inspection

• Resolve issues within allowed response time

• Escalate critical alarms through the digital reporting tool (FSM App / RMS / NOC Call)

Understanding the alarm classifications and correct response actions ensures network uptime (SLA

compliance) and site safety.

1. Alarm Severity Classification

Alarm 
Category

Severity Level Examples Impact
Response 

Time
Technician 

Action

Critical 
(Service 
Affecting)

High Total Power 
Failure, 
Rectifier 
Shutdown, DG 
Failure, BTS 
Down, High 
Temperature 
Shutdown

Network 
service down 
or severely 
degraded

Immediate 
(Within 30 
mins)

Attend site 
urgently, 
restore 
service, 
escalate if 
unresolved
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Major 
(Potential 
Service 
Affecting)

Medium Battery Low 
Voltage, AC Not 
Cooling, Overload, 
DG Low Fuel, High 
Humidity

May lead to a 
service outage 
if not resolved

Same Day Diagnose 
cause, perform 
corrective 
repair, report 
findings

Minor (Non-
Service 
Affecting)

Low Door Sensor Open, 
Fan Not Working, 
Minor AC Cooling 
Variation, Non-
critical temperature 
rise

No immediate 
effect on 
network

During Routine 
Visit

Plan 
maintenance, 
record in logs, 
monitor trend

Rule of Thumb: If the alarm affects power, cooling, or RF equipment, treat it as Critical or Major.

2. Troubleshooting Methods (Step-by-Step)

A. Power System Alarms

Alarm Example Likely Causes Troubleshooting Steps

DG Not Starting Low fuel, weak battery, 
choke blockage

Check fuel → Check starter battery → Try 
manual crank → Check air filter/choke

Battery Low Voltage End-of-life cells, prolonged 
discharge

Measure bank voltage → Check 
electrolyte levels → Replace faulty cells

Rectifier Module 
Failure

Overheat, blown fuse, 
internal fault

Verify AC input → Check fuses → Swap 
with spare module → Reset alarms

B. Cooling & Shelter Environment Alarms

Alarm Example Possible Cause Troubleshooting Steps

High Temperature in Shelter AC failure, blocked filters, open 
door

Inspect AC → Clean filters → 
Ensure shelter door sealed → 
Check cooling circulation

High Humidity Alarm Water leakage, ventilation 
failure

Inspect shelter walls/roof → 
Check drainage → Inspect 
dehumidifier/fan

C. Security & Unauthorized Access Alarms

Alarm Example Possible Cause Action

Door Open / Motion Sensor 
Triggered

Unauthorized access, 
technician forgot to lock

Confirm with NOC → Check 
CCTV if available → Visit site 
for physical inspection

Fuel Theft Alarm Tank tampering Report to supervisor & security 
→ Photograph and document 
→ Verify quantity remaining
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3. Escalation Procedure for Critical Failures

When an alarm cannot be resolved quickly, or has service-impact, you must escalate immediately.

Escalation Levels

Level Who to Contact When to Escalate How to Escalate

Level 1 NOC / Supervisor Immediately after 
identifying critical 
alarm

App Notification + Call

Level 2 Specialist Support 
(HVAC, DG Mechanic, 
Battery Vendor)

If technician cannot 
restore fault

Create Incident Ticket 
in FSM App

Level 3 Circle / Regional 
Manager

If prolonged outage > 
SLA limits

Report through email + 
RMS Event Report

Emergency Local Police / Security Theft, vandalism, 
safety hazard

Emergency hotline + 
digital incident log

4. Critical Failure Escalation Message Template (FSM App)

ÅSite ID: UP-LKO-0412

ÅAlarm: RECT-FAIL-03 (Rectifier Shutdown)

ÅSeverity: Critical - Site on battery backup only

ÅObservations: AC cooling not working, Shelter temp: 46°C, Battery voltage: 49.8V dropping fast.

ÅImmediate Action Taken: Tried rectifier reset, cleaned AC filter, restarted cooling.

ÅSupport Required: HVAC technician + Spare Rectifier Module.

ÅTime of Report: 10:32 AM, 31-Oct-2025

ÅTechnician: Ravi Kumar (ID: TECH-2324)

3.2.4 Routine Power System Maintenance & Hygiene 
Practices

Telecom tower sites depend on multiple power sources to ensure 24/7 uptime, including:

• Grid Supply

• DG (Diesel Generator)

• Battery Backup

• Solar Panels (where installed)

• SMPS/PIU (Power Interface Unit / Rectifier System)

Regular inspection and preventive maintenance help to:

• Avoid power failures and service interruptions

• Increase equipment lifespan

• Reduce breakdown repair costs

• Maintain SLA and network performance
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1. Routine Maintenance Schedule

Activity Frequency

Visual Inspection of Site & Power Cabling Daily / Every Visit

Battery Voltage & Temperature Checks Weekly

DG Test Run & Fuel Level Check Weekly

Solar Panel Cleaning & Output Check Weekly

Deep Preventive Maintenance & Filter Cleaning Monthly

Earth/Grounding System Testing Quarterly / As per site policy

2. Step-by-Step Routine Checks for Each Power Component

A. Solar Panels (If installed)

Purpose: Ensure maximum solar power generation.

Steps:

1. Inspect panels for dust, bird droppings, leaves → Clean using soft cloth + water.

2. Check panel alignment and mounting frame for looseness or corrosion.

3. Inspect DC cables for cracks, cuts, or loose connectors.

4. Ensure MC4 connectors are firmly locked.

5. Measure Solar Charge Controller output using RMS/FSM app or multimeter.

6. Ensure no shading from nearby objects.

Parameter Normal Range Action if Out of Range

Solar Panel Output Voltage As per panel rating (e.g., 18–
22V/panel)

Clean panel / Check cable 
continuity

Charge Controller Output Should match battery charging 
requirement

Reconfigure / replace 
controller

B. Battery Banks

Purpose: Ensure backup time during grid/DG failure.

Steps:

1. Check overall battery bank voltage with multimeter.

2. Measure individual battery cell voltage.

3. Inspect for bulging, leakage, corrosion at terminals.

4. Check battery rack stability and cleanliness.

5. Ensure proper ventilation to avoid heat buildup.

6. Verify battery temperature (Use RMS or handheld thermometer).
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Parameter Normal Range Interpretation
Battery Bank Voltage ~ 52.5–54V (Float Charge) Low = Charging fault / battery 

aging
Individual Battery Cell 2.1–2.3V per cell Variation >0.1V means cell 

deterioration
Battery Temperature 20–30°C High temperature = cooling 

problem

Always wear gloves and safety glasses when handling batteries.

C. DG (Diesel Generator) Set

Purpose: Provide stable backup during grid outage.

Steps:

1. Check fuel level in tank → Minimum 30%.

2. Inspect for fuel leakage around tank, pipes, and engine.

3. Check engine oil level using dipstick.

4. Inspect coolant level in radiator.

5. Check air filter → Clean/replace if dusty.

6. Run the DG for 10–15 minutes weekly under load.

7. Listen for abnormal sound or excessive vibration.

8. Ensure DG exhaust is clear and properly vented.

Component Action

Fuel Level Refill if <30%

Engine Oil Top up if below mark

Coolant Maintain recommended level

Run Test Record running hours in log

D. PIU / SMPS (Rectifier System)

Purpose: Convert AC to DC and supply stable power to equipment.

Steps:

1. Check AC Input Voltage → Should be within supply limits.

2. Observe Rectifier Module LEDs:

o Green = Normal

o Amber = Warning

o Red = Fault

3. Ensure modules are seated properly in slots.

4. Verify DC output voltage on the PIU display.

5. Check circuit breakers and fuses for loose contact.

6. Clean SMPS air vents and filters to maintain airflow.
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Parameter Normal Range Action
DC Output ~ 48–57V depending on 

configuration
Adjust settings or replace 
rectifier

Rectifier Fan Operation Should run smoothly Replace module if fan doesn’t 
run

3. Site Hygiene and Safety Practices

• Remove dust, mud, waste cables, and packaging materials.

• Ensure AC filters cleaned monthly.

• Keep battery and DG area dry to avoid corrosion.

• Ensure no oil or fuel spills → if found, clean immediately.

• Maintain clear path movement → avoid cable clutter.

• Label all cables and equipment clearly.

4. Sample Routine Power Maintenance Log (To Fill during Visit)

Date Site ID
Battery 
Voltage

DG Fuel 
%

Solar 
Output 
(if any)

PIU 
Status

Issues 
Found

Action 
Taken

Technici
an 

Name & 
Sign

30/10/2
025

MH-
PUN-
1425

53.8V 45% 18A Normal AC filter 
dusty

Filter 
cleaned

Rohit 
Kumar 

3.2.5 Security Systems at Telecom Tower Sites

Telecom sites often contain valuable equipment such as battery banks, rectifiers, DG sets, and active

telecom gear. These are targets for theft, vandalism, and unauthorized access.

To protect the site, security systems are installed and connected to the Remote Monitoring System

(RMS) or Network Monitoring Center (NOC).

1. Purpose of Security Systems

Security systems help ensure:

• Restricted access to authorized personnel only

• Detection of any unauthorized entry

• Surveillance and documentation of site activity

• Safety of technicians working at the site

• Protection of assets and maintenance of service continuity

2. Components of Telecom Site Security System
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Security Component Function Where Used Key Role of Technician

Access Control System Controls who can open 
gates and site shelter 
doors

Main Gate, Shelter 
Entry Door

Verify user 
authorization & ensure 
locking

Door Sensors / 
Magnetic Contact 
Sensors

Detects when a door or 
cabinet is opened

Shelter Doors, Battery 
Cabinet

Respond to alarms & 
verify cause

Motion / PIR Sensors Detects movement 
inside shelter

Equipment Room Confirm if entry is 
authorized

Surveillance Cameras 
(CCTV/IP Cameras)

Records and streams 
live video

Key entry & equipment 
areas

Ensure camera angle & 
visibility are correct

RMS/NMS Alarm 
Integration

Sends alarm alerts to 
NOC and mobile app

All security components Monitor and report 
alarms immediately

Fence/Perimeter 
Sensors

Detects cut or breach 
attempts

Perimeter Fence Inspect physical 
damage if triggered

3. Access Control System (ACS)

Access is granted using:

• RFID Cards / Smart Cards

• Biometric Fingerprint Readers

• One-Time Passwords (OTP) via App / SMS

• Key-Based Locks (older sites)

How Access Control Works

1. Technician checks in using RFID/Biometric/OTP.

2. System records date, time, and technician ID.

3. RMS updates NOC that an authorized entry occurred.

4. If no valid authentication is detected → Door Alarm is triggered.

Technician Responsibilities

• Never share access card/OTP.

• Ensure door locks are closed before leaving.

• Report broken locks immediately.

• Always log entry and exit in the site digital app (FSM).
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4. Surveillance Cameras (CCTV/IP Cameras)

Purpose:

• Monitor entry points, DG area, fuel tank, solar panels, and battery bank.

• Verify alarms (e.g., “Door Open”) remotely before visiting site.

• Record events for evidence in case of theft or tampering.

Technician Tasks for CCTV Maintenance

Checkpoint What To Do
Camera Lens Clean lens to remove dust and spider webs

Camera Angle Ensure it covers gate/equipment clearly

Cables & Connectors Ensure no loose joints

Power Supply Check SMPS/adapter supplying the camera

Network Connectivity Confirm video streaming to RMS/NOC

If camera feed is offline, report to supervisor & record in log.

5. Security Alarm Signals & Interpretation

Alarm Type Meaning Technician Action

Door Sensor Alarm Door opened without valid 
access authentication

Verify with NOC → Visit site → 
Check lock condition

Motion/PIR Alarm Movement detected when no 
one is scheduled at site

Immediately report → Do not 
approach alone

CCTV Offline Camera not 
recording/streaming

Check power & cable → 
Escalate if hardware fault

Fuel Theft Alarm Sudden drop in fuel level 
detected

Inspect tank → Document → 
Notify supervisor & security 
team

6. Standard Procedure if Unauthorized Access Is Detected

Do NOT rush into the site alone.

Follow these steps:

1. Confirm alarm in RMS dashboard.

2. Check CCTV feed (if available).

3. Inform NOC and Supervisor immediately.

4. If confirmed suspicious:

o Contact local security guard / police.

o Wait for support before entering site.
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5. Once safe:

o Inspect locks, fence, shelter door.

o Check fuel level and battery banks.

o Take photographs for evidence.

6. File Security Incident Report via FSM App.

7. Sample Security Incident Log Entry

Field Example Entry

Date/Time 15/11/2025, 02:45 AM

Site ID RJ-KOT-0931

Alarm Type Door Forced Open

RMS Screenshot Attached Yes

Action Taken Notified NOC & Police; Waited for support

Physical Observation Gate lock damaged; Battery bank intact

Follow-up Required Replace gate lock & improve fencing

Technician Name Arman Ali

3.2.6 Demonstrate How to Ensure the Proper Functioning of 
Surveillance Cameras, Access Control Systems, and Alarms 
for Preventive Maintenance

Preventive Maintenance of Site Security Systems

Effective preventive maintenance ensures that security systems work reliably to protect telecom

infrastructure and prevent theft, vandalism, or unauthorized access.

Security systems you will routinely inspect include:

• Surveillance Cameras (CCTV/IP Cameras)

• Access Control Systems (RFID, Biometric, OTP Locks)

• Alarm Systems (Door Sensors, Motion Sensors, Perimeter Sensors)

1. Surveillance Camera (CCTV/IP Camera) Preventive Maintenance

Objective: Ensure clear video feed and continuous recording.

Checklist & Procedure
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Step Action How to Perform Expected Result

1 Visual Cleanliness Gently clean camera lens with microfiber 
cloth

Clear, sharp image 
without blurriness

2 Camera Angle 
Verification

Check that camera covers the gate, fuel 
tank, and equipment

Critical areas are clearly 
visible

3 Check Mount & 
Housing

Tighten screws and verify camera is firmly 
mounted

No shaking or 
misalignment

4 Inspect Power Supply Check adapter/SMPS & wiring for 
looseness

Camera stays powered 
continuously

5 Network Connectivity 
Test

Open RMS/CCTV app & confirm live view Live video streaming 
without lag

6 Storage/Recording 
Check

Confirm NVR/DVR is recording (if 
installed)

Continuous stored 
backup available

If camera feed is offline: Restart camera → Check LAN cable → Inform supervisor for replacement if still

offline.

2. Access Control System Preventive Maintenance

The access control system ensures that only authorized technicians enter the site.

Components You Must Check

• RFID / Biometric Reader

• Electronic Strike / Magnetic Lock

• Door Closure Mechanism

• Access Log Entry in RMS / FSM App

Procedure

Step Action Observation

1 Test Access Authentication Swipe RFID card / Use biometric / OTP

2 Check Lock Operation Open and close door multiple times

3 Inspect Wiring & Terminals Check for loose connectors or damaged wires

4 Battery Backup Check (if lock is 
battery-operated)

Measure voltage

5 Confirm Access Log Entry Ensure entry logs appear in RMS/NOC system
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Important: Never leave the site without locking the access door and confirming it is registered in RMS.

3. Security Alarm System Preventive Maintenance

Alarms detect unauthorized access or abnormal site conditions.

Key Alarm Sensors

• Door Magnetic Sensor

• Motion/PIR Sensor

• Fuel Theft Sensor

• Perimeter Fence Sensor

Procedure

Step What to Check How to Check Normal Outcome

1 Door Sensor Function Open door → Check if alarm triggers 
in RMS

Alarm should appear 
instantly

2 Motion Sensor Move within shelter → Check alert Alert should display on 
mobile/NOC screen

3 Fuel Theft Sensor Verify readings in RMS & fuel sensor 
cable

Fuel drop reading must 
match tank level

4 Alarm Clearance Close door → Reset alarm Alarm should auto-clear 
within system

5 Power & Connectivity Check power cable and signal cable 
continuity

No loose wires or corrosion

If sensor does not respond: Check wiring → Replace sensor → Report in FSM App.

4. Maintenance Log Recording (Must Be Completed Every Visit)

Date Site ID
CCTV 
Status

Access 
Control 
Status

Alarm 
System 
Status

Issues 
Found

Action 
Taken

Technician 
Sign

05/11/20
25

RJ-JPR-
0348

Working, 
cleaned 
lens

RFID 
tested 
OK, lock 
auto-
secure

Door 
sensor 
OK, PIR 
responsiv
e

None Routine 
PM 
Complete
d

Manoj

5. Safety and Best Practice Guidelines

• Never expose camera electronics to water while cleaning.

• Avoid touching camera lens with dirty hands → Can cause scratches.

• Use insulated tools when handling wiring.

• Do not share or display access credentials / OTP to anyone.

• Always close and lock the shelter door properly after inspection.

• If security threat is suspected → Do not enter alone → Inform Supervisor & NOC.
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By the end of this unit, the participants will be able to:

1. Explain telecom hardware integration with energy-efficient solutions, such as hybrid power
systems.

2. Show how to ensure the proper functioning of civil, mechanical, and electrical infrastructure at
the site, including fire safety equipment and grounding systems.

3. Discuss energy audit methodologies and strategies to improve energy efficiency in telecom sites.
4. Show how to maintain accurate logs of equipment maintenance, power usage, fuel supply, and

vendor activities for compliance and auditing.

3.3.1 Telecom Hardware Integration with Energy-Efficient 
Solutions (Hybrid Power Systems)

UNIT 3.3: Energy Efficiency and Record Management 

Unit Objectives

Telecom Tower Site Maintenance Technician

Modern telecom sites aim to reduce diesel consumption, minimize operational cost, lower carbon

emissions, and ensure continuous uptime. To achieve this, sites now use Hybrid Power Systems,

integrating multiple power sources along with intelligent controllers.

1. What is a Hybrid Power System?

A Hybrid Power System is a power setup that combines two or more energy sources—typically:

Power Source Purpose

Grid Power Primary and most economical power

Battery Bank (VRLA / Li-ion) Stores backup power for outages

Diesel Generator (DG Set) Emergency/long outage backup

Solar Panels / Wind Power Renewable & long-term cost-efficient source

These sources are managed by a Power Interface Unit (PIU) or Hybrid Power Controller, which

automatically selects the best combination to run the site efficiently.

2. Basic Structure of a Hybrid Telecom Power System
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The Hybrid Controller makes decisions such as:

• When to charge batteries

• When to draw power from solar vs grid

• When to start DG automatically

• When to prevent deep discharge of batteries

3. Intelligent Switching / Load Sharing

Scenario Power Source Used Reason

Grid power stable Grid → Batteries charging Cheapest electricity

Grid unavailable + Battery 
healthy

Battery only No fuel usage

Low battery + grid unavailable DG auto-start Prevents network outage

Daytime with good sunlight Solar + Battery Reduces both fuel & grid power 
use

This ensures power reliability while maintaining lowest possible energy cost.

4. Key Hardware Components in Energy-Efficient Telecom Sites
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Component Function Efficiency Benefit

Solar Photovoltaic Panels Generate DC power Reduces dependency on 
DG/grid

MPPT / Solar Charge Controllers Optimize solar charging Maximizes energy harvesting

Li-ion / Advanced VRLA 
Batteries

High cycle life & stable 
discharge

Longer backup duration

SMPS (Switched Mode Power 
Supply)

Converts AC to DC efficiently Reduces heat & energy loss

Hybrid Power Controller (PIU) Auto-power source selection Optimizes consumption & 
reduces fuel use

Smart Meters / RMS Remote monitoring Prevents energy wastage & 
theft

5. How Integration Improves Energy Efficiency

(a) Reduced Diesel Generator Run Hours

• Solar + Battery reduces the need to run the DG.

• Minimizes fuel cost and refilling frequency.

(b) Battery Life Optimization

• Smart charging prevents overcharging or deep discharge.

• Extends battery replacement cycle.

(c) Lower Heat and Cooling Load

• SMPS produces less heat → less AC usage → less energy consumption.

(d) Remote Monitoring

• RMS (Remote Monitoring System) tracks:

o Fuel levels

o Power switching events

o Battery health

o Solar output

• Enables preventive maintenance and reduces site visits.

6. Example Operating Sequence (Practical Understanding)

Time Power Source Priority Result

8 AM – 6 PM (Sunny) Solar → Battery → Load Very low DG usage

6 PM – 11 PM Grid → Battery → Load Stable & economical

11 PM – 5 AM (Grid Outage) Battery → Load Silent operation, no fuel

Battery Low + No Grid DG → Battery + Load Uptime maintained
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7. Technician’s Role in Maintaining Hybrid Systems

Task How to Perform Tools Required

Solar panel cleaning Remove dust with soft cloth & water Cloth, mild detergent

Cable & terminal 
inspection

Tighten connections, check corrosion Spanner set, petroleum 
jelly

Battery health check Measure voltage, electrolyte condition, BMS 
logs

Multimeter / RMS app

DG periodic run test Run for 10–15 min weekly Fuel check, log entry

PIU monitoring Check alarms & power source switching logs RMS / Local PIU panel

8. Benefits to Operators & Environment

• Lower Operational Cost (fuel & maintenance)

• Higher Site Uptime (fewer power failures)

• Reduced Carbon Emissions (green energy use)

• Longer Equipment Life (controlled power cycles)

• Lower Theft Risk (less fuel stored on site)

Hybrid energy-efficient power systems integrate solar, battery, grid, and DG power through an

intelligent controller, reducing energy costs and improving uptime. The technician plays a critical role in

ensuring proper maintenance, monitoring, and system optimization.

3.3.3 Energy Audit Methodologies and Energy Efficiency 
Strategies for Telecom Sites
Telecom sites consume significant energy due to continuous operation of power systems, cooling units,

batteries, and transmission equipment. An energy audit helps identify wastage and improve energy

efficiency, resulting in lower operating costs, longer equipment life, and reduced carbon footprint.

1. Energy Audit

An energy audit is a systematic inspection, measurement, analysis, and verification of energy flow in the

telecom site to determine where power is used, wasted, or can be optimized.

It identifies:

• Inefficient equipment

• Poor power factor or load imbalance

• Battery or rectifier inefficiencies

• Cooling inefficiencies

• Fuel dependency and generator runtime issues

2. Types of Energy Audit for Telecom Sites
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Type Depth of Analysis Activities When Used

Walk-Through 
(Preliminary) Audit

Basic Visual inspection, 
reading logs, checking 
alarms

Routine maintenance 
visits

Detailed Energy Audit High Instrument-based 
testing, trend analysis, 
performance 
measurement

Once every 6–12 
months

Continuous/Automated 
Audit

Very High Remote monitoring via 
NOC, EMS dashboards, 
IoT sensors

Smart/modern telecom 
sites

3. Key Parameters Measured During an Energy Audit

Component Parameter Acceptable Range / Observation

Grid Supply Voltage stability, outages Stable ~230/415V

Rectifier (SMPS) Efficiency, load share, output DC 
voltage

Balanced load sharing; 48V DC

Battery Bank Internal resistance, discharge rate, 
capacity

Healthy capacity > 80%

Solar Panels (if present) Output current & voltage, inverter 
efficiency

Check shading & dust 
accumulation

DG Set Fuel consumption per hour, runtime 
patterns

Lower runtime means higher 
efficiency

Cooling (AC/FCU) Temperature setpoint, compressor 
cycle time

Set to ~24°C; ensure airflow

Power Factor (PF) PF of site electrical system Should be ≥ 0.95

Energy Meter Readings kWh consumption trend Look for spikes/slumps

4. Step-by-Step Energy Audit Process

1. Collect Data

• Power logs, DG logs, battery discharge records, EMS/NOC alarms

2. Site Survey

• Inspect electrical infrastructure, cable routing, earthing

3. Measure Performance

• Use clamp meter, power analyzer, thermal camera if available

4. Identify Loss Points

• Examples: overheated cables, dropping battery capacity, under-rated cooling

5. Recommend Improvements

6. Implement and Monitor Changes

Telecom Tower Site Maintenance Technician
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5. Strategies to Improve Energy Efficiency

A. Efficient Power Management

• Load Balancing: Ensure all rectifiers share load equally (avoid overloading single units).

• Optimize DC Power Distribution: Avoid under/over-sized cables and ensure tight connections.

• Power Factor Correction: Use capacitor banks if PF < 0.95.

B. Battery & DG Optimization

• Avoid deep discharge cycles; maintain SoC between 40%–90%.

• Conduct quarterly battery health tests (IR test).

• Ensure DG auto-start/stop logic is properly configured.

• Use high-efficiency DG sets and maintain proper air filters & injector settings.

C. Cooling System Efficiency

Cooling consumes 30–50% of energy at telecom sites.

Practice Benefit

Set AC temperature to 24–26°C Avoids excess compressor runtime

Ensure airflow is not blocked Prevents heat accumulation

Use Free Cooling Units (FCU) where climate 
allows

Uses outside air instead of AC

Regular AC gas check and coil cleaning Maintains cooling efficiency

D. Solar & Hybrid System Integration

• Use solar power where grid supply is poor.

• Install Hybrid Power Controllers to smartly alternate between:

o Solar → Battery → Grid → DG

• Reduces DG runtime and fuel cost.

E. Monitoring & Automation

Implement remote monitoring (NOC / EMS dashboards) for:

• Battery status

• DG runtime alerts

• Real-time load variation

• Energy consumption graphs

This allows automatic fault response and faster energy wastage detection.

6. Sample Energy Efficiency Improvement Plan
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Action Expected Outcome

Replace old AC with inverter AC 20–30% reduction in cooling power

Clean solar panels monthly ↑ Solar efficiency by 10–20%

Balance rectifier load Avoid overheating and energy loss

Optimize DG Start/Stop threshold Reduce fuel consumption by 15–40%

Use LED lighting in shelters Lower internal heat & power usage

3.3.4 Maintaining Accurate Logs at Telecom Sites

Accurate and updated documentation helps ensure:

• Operational transparency

• Regulatory & SLA compliance

• Cost control and fuel theft prevention

• Vendor performance tracking

• Easy troubleshooting & maintenance history

Logs may be maintained in physical registers, mobile apps, or Site Management Software (e.g.,

EMS/NOC portals).

1. Equipment Maintenance Log

Purpose: Track preventive & corrective maintenance activities of site equipment (Batteries, DG, SMPS,

AC, PIU, Solar System).

Date Equipment
Maintenanc

e Type

Observation
s/Work 

Done

Parts 
Replaced

Technician 
Name

Signature

18/10/2025 Battery Bank 
(48V, 
200Ah)

Preventive IR Checked, 
Terminals 
Cleaned

None Akash 
Kumar

19/10/2025 SMPS 
Rectifier 
Module

Corrective Mod#2 
Overheating 
Replaced

1 Rectifier 
Module

Akash 
Kumar

Telecom Tower Site Maintenance Technician

139



Participant Handbook

Recommendations:

• Note unusual spikes, e.g., sudden DG runtime increase → may indicate grid outage or battery issue.

• Compare data with EMS/NOC reports weekly.

3. Fuel Supply & Consumption Log

Prevents fuel pilferage and ensures DG efficiency monitoring.

Date
Grid ON 
Hours

DG Run 
Hours

Battery 
Backup 
Hours

Solar 
Output (if 
installed)

Any Alarm 
(Low 

Battery/Hig
h Temp)

Logged By

18/10/2025 16 Hours 2 Hours 4 Hours 3 kWh None Technician

Date
Fuel 

Receive
d (Ltr)

Receipt 
No.

DG Meter 
Reading 

(Hrs)

Fuel 
Consumed 

(Ltr)

Balance 
Fuel (Ltr)

Vendor/Dr
iver Name

Verified 
By

18/10/2025 60 Ltr 2547 1520 Hrs 8 Ltr 52 Ltr Ramesh 
Singh

Technician 
+ Security

Best Practices:

• Always record fault reason and corrective action clearly.

• Attach before/after photos if digital system is available.

• Update logs immediately after work (not later).

2. Power Usage Log

Tracks Grid Availability, DG Runtime, Solar Contribution, and Battery Usage.

Key Controls:

• Always measure fuel with dipstick before & after refueling.

• Get security & technician signatures.

• Cross-check fuel consumption rate (e.g., 1.2–1.6 L/hr depending on DG).

4. Vendor / AMC (Annual Maintenance Contract) Activity Log

Used to track service provider visits, installation work, and repairs.

Date
Vendor / 
Company 

Name

Purpose of 
Visit

Work 
Carried Out

Tools/Mater
ials 

Issued/Used

Site 
Incharge 
Signature

Vendor 
Signature

19/10/2025 CoolTech 
Services

AC Check & 
Gas Refill

Coil Cleaning 
& Gas Top-
up

1 Gas 
Cylinder, 
Cleaning Kit
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Rules:

• Vendors cannot leave without logging work.

• If work is incomplete, mark “Pending Items” clearly.

• Maintain Gate Pass records for tools/materials moved out.

5. Alarm & Incident Log

Records alerts like Low Battery, High Temperature, Network Down, Security Breach.

Date & Time Alarm Type
Source 

(EMS/PIU)
Action Taken

Status 
(Resolved/Pen

ding)
Reported To

18/10/2025 
14:35

High Temp 
Alarm

EMS 
Dashboard

Increased AC 
runtime & 
cleaned filter

Resolved Circle Manager

6. Daily Site Log Summary (For All Activities)

Date
Key Activities 

Performed
Issues Found

Corrective 
Actions

Pending Tasks
Technician 

Sign

19/10/2025 AC Preventive 
PM, DG Test 
Run, Fuel 
Check

None NA Battery IR 
Test 
Scheduled

This is extremely useful during audits & inspections.

7. Maintaining Accurate Logs

Do Don’t

Write entries immediately after the task is done Do not fill logs at end of day from memory

Use clear and standard terminology Avoid vague terms like "Issue fixed" – specify 
how

Take periodic photos and keep digital backup Do not rely only on paper registers

Cross-verify fuel and runtime readings daily Do not leave columns blank

Keep logs accessible and indexed Do not allow unauthorized overwriting
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8. How These Logs Support Compliance & Audit

Benefit Explanation

Regulatory Compliance Helps demonstrate safe & continuous telecom 
operation

Financial Accountability Tracks fuel usage & prevents theft

Operational Continuity Maintenance history ensures smarter 
troubleshooting

Vendor Performance Monitoring Helps evaluate contract delivery and SLA 
adherence

Audit Readiness Clean and organized logs speed up audit 
clearance
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Exercise

Short Questions:

1. List and briefly describe three fire safety measures that must be in place at a telecom site.

2. Explain how to classify alarms (e.g., informational, warning, critical) and outline the escalation

procedure for a critical alarm.

3. Describe the steps a technician should follow to verify electricity bill readings and ensure

vendor activity aligns with contract terms.

Multiple Choice Questions:

1. Which standard is commonly referenced for electrical safety and equipment in international

telecom installations?

a) IEC (International Electrotechnical Commission)

b) FIFA

c) ISO 14001 only

d) FDA

2. For safe diesel fuel storage at a telecom site, the most important practice is:

a) Storing fuel in open sunlight for faster use

b) Using approved bunding, clear labeling, and keeping fire extinguishers nearby

c) Keeping fuel next to batteries for convenience

d) Storing fuel in plastic bags

3. Remote monitoring systems at telecom sites are primarily used to:

a) Replace all on-site technicians

b) Track alarms, sensor data, and help detect anomalies in real time

c) Play music to deter intruders

d) Increase the number of false alarms

4. When a critical alarm (e.g., total power failure) is detected, the correct escalation step is to:

a) Ignore it and wait until the next scheduled visit

b) Notify the NOC/operations center, inform the site supervisor, and dispatch technician as

per SLA

c) Reset the alarm without logging the event

d) Delete the alarm from the system

5. Which practice helps ensure vendor compliance with contractual work at a telecom site?

a) Allowing vendors to self-certify without signatures

b) Maintaining visit logs, gate passes, and validating invoices against work completed

c) Providing unlimited access to the vendor without documentation

d) Paying vendors before they arrive on-site

True/False Questions:

1. Regularly clearing unwanted materials and segregating waste reduces fire risk and improves

site hygiene.

2. Surveillance cameras and access control systems do not need periodic checks once installed.

3. Maintaining accurate safety inspection and repair records supports regulatory compliance and

audit readiness.

4. Remote monitoring tools can help predict failures and reduce site downtime by providing

early alerts.
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Fill in the Blanks:

1. National and international safety standards commonly referenced for telecom sites include

__________, OSHA, and BIS.

2. The two most common types of fire extinguishers used at power equipment areas are

__________ and __________ extinguishers.

3. Proper grounding helps to prevent __________ and protects personnel and equipment from

electrical faults.

4. A documented agreement specifying response times, deliverables, and penalties for breaches

between the operator and service provider is called an __________.
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4. Sustainability 
Practices in Telecom 
Infrastructure 
Management 

TEL/N9109

Unit 4.1 - Sustainability Practices in Telecom 

Infrastructure Management



By the end of this module, the paricipants will be able to:

Key Learning Outcomes

1. Explain the e-waste management rules applicable to the telecom sector.

2. Show how to identify, segregate, and categorize e-waste and hazardous waste at telecom sites.

3. Describe Central Pollution Control Board (CPCB) guidelines for telecom site waste disposal.

4. Demonstrate the process of maintaining logs and records for disposed, recycled, or repurposed
telecom waste.

5. Identify safety standards for battery handling and disposal, including lead-acid and lithium-ion
batteries.

6. Demonstrate safe handling procedures for hazardous materials, including the use of protective
gear.

7. List recyclable telecom components and methods for minimizing telecom waste.

8. Demonstrate the reduction of packaging waste through the reuse of telecom materials and
accessories.

9. Elucidate techniques for energy optimization, such as smart cooling, LED lighting, and hybrid
power systems.

10. Demonstrate energy-efficient practices, such as optimizing power usage and using smart cooling
systems.

11. Explain the role of renewable energy sources, like solar energy, in reducing telecom carbon
footprint.

12. Show how to assist in adopting solar-powered telecom towers and integrating hybrid energy
systems.

13. Describe best practices for managing telecom tower site waste and reducing fuel consumption
in Diesel Generators (DG) sets.

14. Demonstrate guiding co-workers on eco-friendly practices and waste management policies.

15. Define water conservation principles and sustainable telecom site design.

16. Explain the importance of training telecom employees on environmental awareness and
compliance.

17. Show how to conduct periodic environmental audits to ensure sustainability compliance.

Participant Handbook

148



By the end of this unit, the participants will be able to:

Understanding E-waste in the Telecom Sector

Electronic waste, or e-waste, refers to discarded electronic or electrical equipment that has reached the

end of its useful life. In the telecom sector, this includes a wide range of products like mobile phones,

network equipment (such as routers, switches, and antennae), batteries, cables, and various

accessories. Improper disposal of this waste is harmful because it contains toxic substances like lead,

mercury, and cadmium, which can contaminate soil and water, and pose a serious threat to human

health and the environment.

1. Explain the e-waste management rules applicable to the telecom sector.

2. Show how to identify, segregate, and categorize e-waste and hazardous waste at telecom sites.

3. Describe Central Pollution Control Board (CPCB) guidelines for telecom site waste disposal.

4. Demonstrate the process of maintaining logs and records for disposed, recycled, or repurposed
telecom waste.

5. Identify safety standards for battery handling and disposal, including lead-acid and lithium-ion
batteries.

6. Demonstrate safe handling procedures for hazardous materials, including the use of protective
gear.

7. List recyclable telecom components and methods for minimizing telecom waste.

8. Demonstrate the reduction of packaging waste through the reuse of telecom materials and
accessories.

9. Elucidate techniques for energy optimization, such as smart cooling, LED lighting, and hybrid
power systems.

10. Demonstrate energy-efficient practices, such as optimizing power usage and using smart cooling
systems.

11. Explain the role of renewable energy sources, like solar energy, in reducing telecom carbon
footprint.

12. Show how to assist in adopting solar-powered telecom towers and integrating hybrid energy
systems.

13. Describe best practices for managing telecom tower site waste and reducing fuel consumption in
Diesel Generators (DG) sets.

14. Demonstrate guiding co-workers on eco-friendly practices and waste management policies.

15. Define water conservation principles and sustainable telecom site design.

16. Explain the importance of training telecom employees on environmental awareness and
compliance.

17. Show how to conduct periodic environmental audits to ensure sustainability compliance.

4.1.1 Explain the E-Waste Management Rules Applicable to 
the Telecom Sector

UNIT 4.1: Sustainability Practices in Telecom Infrastructure 
Management

Unit Objectives
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To combat this, the Government of India has implemented the E-Waste (Management) Rules, 2016

(and subsequent amendments) to ensure that e-waste is handled in an environmentally sound manner.

These rules place the responsibility on key stakeholders within the industry.

Key Rules for E-waste Management in Telecom

The core of the E-Waste Rules is the concept of Extended Producer Responsibility (EPR). This makes the

producer of the equipment responsible for its entire life cycle, from manufacturing to collection and

recycling after the product is no longer in use.

• Who is a "Producer"? In the context of the rules, a producer is any person or company that

manufactures, imports, or sells electrical and electronic equipment, including the telecom gear and

devices used in networks.

Key Provisions of the E-Waste Rules

Here's how EPR is implemented for the telecom sector:

1. Extended Producer Responsibility (EPR) Producers are required to set up a system to collect e-waste

generated from their products. This can be done through:

• Collection Centers: Setting up designated places where consumers can drop off their old

devices.

• Take-back Systems: Offering to take back old products when a new one is purchased.

• Buy-back Arrangements: Providing a monetary incentive for the return of used equipment.

2. Collection Targets Producers must meet specific annual collection targets for e-waste. This target is

calculated as a percentage of the total weight of the products they have sold. The goal is to gradually

increase this percentage over time to ensure more waste is responsibly managed.

3. Hazardous Substance Reduction (RoHS) The rules also include a section on the Restriction of

Hazardous Substances (RoHS). This mandates that producers must limit the use of certain hazardous

materials in their equipment. This makes the devices safer to handle and easier to recycle at the end

of their life.

Hazardous Substance Maximum Permissible Concentration

Lead (Pb) 0.1% by weight

Mercury (Hg) 0.1% by weight

Cadmium (Cd) 0.01% by weight

Hexavalent Chromium (Cr+6) 0.1% by weight

Polybrominated Biphenyls (PBB) 0.1% by weight

Polybrominated Diphenyl Ethers (PBDE) 0.1% by weight

4. Authorization and Documentation:

Every entity involved in e-waste management—from producers and dealers to dismantlers and

recyclers—must obtain an authorization from the Central Pollution Control Board (CPCB) or the State

Pollution Control Board (SPCB). They are also required to maintain detailed records and submit annual

returns to the CPCB to demonstrate compliance.
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5. Role of Other Stakeholders

The rules clearly define the roles and responsibilities of other entities in the supply chain:

• Bulk Consumers: Large organizations (e.g., telecom companies, government offices) that use a

significant amount of electronics are responsible for channelizing their e-waste to authorized

recyclers.

• Dealers: If a dealer is authorized by a producer to collect e-waste, they must provide a collection

bin and ensure the waste is sent to the producer's designated collection center.

• Dismantlers & Recyclers: These are the key players in the process. They must be registered and

authorized by the CPCB to scientifically dismantle and recycle e-waste, ensuring that no harmful

substances are released.

Example: Mobile Tower E-Waste

A telecom tower is being upgraded from 4G to 5G. The old gNodeB equipment, UPS batteries, and

routers are now e-waste.

Steps for compliance:

1. Segregate: Separate lead-acid batteries, lithium-ion batteries, and electronic boards.

2. Store Safely: Store batteries in dedicated racks with proper labeling.

3. Transfer to Authorized Recyclers: Send all equipment to CPCB-authorized e-waste recyclers.

4. Maintain Records: Record quantity, type, and date of e-waste disposal.

How to identify, segregate, and categorize e-waste and hazardous waste at telecom sites

A clear process of identification, segregation, and categorization is vital for properly handling e-waste

and hazardous waste at any telecom site. This ensures environmental safety and compliance with

regulations like India's E-Waste (Management) Rules, 2016.

1. Identification: Recognizing Waste Materials

The first step is knowing what constitutes e-waste and hazardous waste. E-waste is any electrical or

electronic equipment that is discarded. Much of it contains components that make it hazardous waste.

• E-Waste: This includes equipment that is obsolete, non-functional, or at the end of its service life.

At a telecom site, this means:

o IT & Telecom Equipment: Old servers, network routers, switches, antennae, fiber optic cables,

and data storage devices.

o Power Infrastructure: Lead-acid batteries, uninterruptible power supplies (UPS), and power

cables.

o User Devices: Discarded laptops, tablets, and mobile phones used by staff.

• Hazardous Waste: This refers to materials that pose a direct risk to health or the environment.

Many components within e-waste fall into this category. Key examples include:

o Batteries: All batteries (especially lead-acid and lithium-ion) are hazardous due to their

corrosive chemicals and heavy metals.

o Printed Circuit Boards (PCBs): These contain toxic substances like lead, mercury, and

cadmium.

o Cathode Ray Tubes (CRTs): Found in old monitors and TVs, they contain a significant amount

of lead and other toxic materials.

o Fluorescent Lamps: These contain mercury.
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2. Segregation: Separating for Safety and Recycling

Once identified, the waste must be separated to prevent contamination and ensure each type is

handled correctly.

• Designated Collection Points: Establish clearly labeled, color-coded bins or containers for

different types of waste. For example:

o General E-waste Bin: For network equipment, computers, and cables.

o Separate Battery Bins: Store lead-acid and lithium-ion batteries in dedicated, secure

containers to prevent leaks and fire hazards.

o Hazardous Material Container: Use a sealed container for items like fluorescent lamps or

broken PCBs to contain mercury or other toxins.

• Preventing Contamination: Never mix hazardous waste with general waste or other recyclable

materials like paper or plastic. A corroded battery should not be placed in the same bin as a

discarded network switch unless that bin is specifically designated for hazardous waste.

• Secure Storage: All hazardous materials must be stored in a well-ventilated, locked area that is

protected from weather and unauthorized access.

3. Categorization: Classifying for Compliance

After being segregated, the waste needs to be officially categorized for proper documentation and

disposal, according to national regulations.

• IT and Telecommunication Equipment: This is the primary category for most of the e-waste from

a telecom site. This is a broad category that covers all discarded networking and user equipment.

• Hazardous Waste: This category is for materials that are explicitly defined as hazardous by law,

such as batteries and mercury-containing items. These must be managed under specific

hazardous waste rules and sent to authorized recyclers.

• Non-Recyclable Waste: Any materials that cannot be recycled (e.g., certain plastics or composite

materials) must be categorized for safe and environmentally sound disposal, often in a secure

landfill.

4.1.2 Describe Central Pollution Control Board (CPCB) 
Guidelines for Telecom Site Waste Disposal

The Central Pollution Control Board (CPCB) is the national regulatory authority responsible for

monitoring and controlling pollution, including waste generated by industries such as

telecommunications.

1. CPCB works under the Ministry of Environment, Forest and Climate Change (MoEF&CC) and

ensures:

• Implementation of E-Waste (Management) Rules, 2022

• Enforcement of Hazardous Waste Management Rules, 2016

• Monitoring of Battery Waste Management Rules, 2022

• Promotion of Extended Producer Responsibility (EPR) for manufacturers and operators
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2. Applicability to Telecom Sector

Telecom sites — including 5G towers, data centers, and O&M offices — generate e-waste, battery

waste, oil waste, and packaging material.

CPCB guidelines define how these wastes must be collected, stored, transported, and disposed of.

Type of Waste Common Source in Telecom CPCB Rule Applicable

E-Waste Old routers, BTS modules, RRUs, 
PCBs, cables

E-Waste (Management) Rules, 
2022

Battery Waste Lead-acid or lithium-ion batteries Battery Waste Management Rules, 
2022

Hazardous Waste Used oil, fuel filters, cleaning solvents Hazardous and Other Waste Rules, 
2016

Plastic / Packaging 
Waste

Cable insulation, packing material Plastic Waste Management Rules, 
2018

3. Key CPCB Guidelines Relevant to Telecom Waste Disposal

A. E-Waste Disposal Guidelines

Requirement Description Supervisor’s Role

Authorized Collection E-waste must be handed over only to 
CPCB-authorized recyclers or 
dismantlers.

Verify recycler authorization 
certificate.

Segregation at Source Separate e-waste (routers, cards, 
modems) from general waste.

Ensure labeled bins at site.

Storage Period Store e-waste safely for not more 
than 180 days before disposal.

Maintain waste storage 
register.

EPR (Extended Producer 
Responsibility)

OEMs are responsible for taking back 
used equipment for recycling.

Coordinate with vendor/OEM 
for pickup.

Record Maintenance Maintain Form-2 (E-Waste Record) 
and submit during audits.

Ensure accurate 
documentation.

B. Battery Waste Management Guidelines

Requirement Description Supervisor’s Role

Take-Back Policy Used batteries must be returned to the 
manufacturer, dealer, or recycler.

Keep a log of returned 
batteries.

Labeling Each battery must have a label showing 
make, date, and chemical composition.

Check labeling before dispatch.

Safe Storage Store used batteries upright in ventilated, 
dry rooms.

Monitor safety compliance.

Spill Prevention Prevent acid or electrolyte leaks using 
secondary containment trays.

Inspect regularly for leakage.
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C. Hazardous Waste Guidelines

Requirement Description Supervisor’s Role

Identification Waste oil, DG filters, and coolant fluids 
are classified as hazardous.

Maintain hazardous waste register.

Authorized 
Disposal

Must be given to CPCB-authorized 
hazardous waste handlers only.

Verify transporter license.

Container Labeling Use “Hazardous Waste” labels with 
content details and hazard symbols.

Ensure proper tagging on 
containers.

Storage Conditions Store in a covered, leak-proof area for 
less than 90 days.

Inspect site weekly.

D. Plastic and Packaging Waste Guidelines

Requirement Description Supervisor’s Role

Segregation Separate plastic wrapping, cable 
insulation, and packing foam.

Use green bins for recyclables.

Recycling Obligation Return packaging materials to 
supplier or local recycler.

Maintain receipt or recycler 
acknowledgment.

Prohibited Items Avoid use of single-use plastic at 
sites.

Enforce compliance among workers.

4.1.3 Process of Maintaining Logs and Records for Disposed, 
Recycled, or Repurposed Telecom Waste

Step 
No.

Activity / 
Process

Type of Record / 
Log

Key Information to be 
Recorded

Responsible 
Person

Frequency / 
Timeline

1 Identify and 
classify waste 
generated (e-
waste, battery, 
hazardous, 
plastic, etc.)

Waste 
Identification Log

Waste type, source 
(e.g., BTS, DG, battery 
bank), quantity, date

Site 
Technician / 
Supervisor

Daily / As 
generated

2 Segregate and 
label waste at 
site

Waste Segregation 
Register

Waste category, color 
code of bin, location, 
responsible staff

Site 
Supervisor

Daily

3 Store waste 
temporarily in 
designated area

Storage Logbook Waste ID, storage 
start date, condition 
of storage, safety 
compliance

Site 
Supervisor

Weekly
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4 Transfer waste 
to CPCB-
authorized 
recycler / 
handler

Waste Movement 
Record (Form-10 / 
Manifest)

Date of dispatch, 
recycler name & 
authorization no., 
vehicle details, 
quantity sent

Project 
Supervisor / 
Engineer

As per 
dispatch

5 Obtain 
acknowledgment 
or disposal 
certificate

Recycler/Handler 
Acknowledgment 
Record

Certificate no., date 
received, recycler 
signature, category of 
waste

Site 
Supervisor

Every 
transaction

6 Record batteries 
returned to OEM 
or dealer

Battery Return Log Battery make, serial 
number, date of 
return, dealer/OEM 
name

Power 
System 
Technician

Monthly

7 Track e-waste 
sent for recycling 
or repurposing

E-Waste Record 
(Form-2)

Type of item (BTS, 
router, RRU), 
quantity, recycler 
details, date of 
recycling

Project 
Supervisor

Quarterly

8 Consolidate all 
records for 
reporting

Waste Summary 
Sheet / Register

Total waste 
generated, disposed, 
recycled, and 
repurposed

Project 
Supervisor

Monthly

9 Submit report to 
Circle Office / 
SPCB (if 
applicable)

Annual Waste 
Return

Summary of waste 
handling and disposal 
for the year

Compliance 
Officer / 
Project Head

Annually

10 Maintain records 
for audits and 
inspections

Audit File (Physical 
& Digital)

All forms, certificates, 
and registers 
maintained for 3 years

Project 
Supervisor

Continuous

Sample Filled Template:

Sample Template: E-Waste Record (Form 2) – Telecom Site

Site Name: 5G Tower Site – Patna Sector 12

Site ID: PAT-5G-TS-012

Maintained By: Project Supervisor – 5G Network

Period: April 2025 – June 2025
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Sr. No. Type of 
E-Waste

Equip
ment 

Details

Source 
(Location 

/ Unit)

Quanti
ty

Conditio
n

Mode 
of 

Dispos
al

Recycl
er / 

Handle
r 

Name

Authoriz
ation 
No.

Date 
of 

Hando
ver

Acknowl
edgment 

/ 
Certifica

te No.

Remar
ks

1 Communi
cation 
Equipme
nt

RRU 
(Remot
e Radio 
Unit) –
Nokia

BTS 
Tower –
Sector 12

3 Units Obsolete 
/ Non-
function
al

Sent 
for 
Recycli
ng

Green
Wave 
E-
Waste 
Recycl
ers Pvt. 
Ltd.

CPCB/AU
TH/BR/0
456

14-
Apr-
2025

GW/REC
/25/041
4

Properl
y 
packed 
and 
sealed

2 Power 
Equipme
nt

Lithiu
m-Ion 
Battery 
Bank 
(48V, 
100Ah)

Power 
Room

1 Set Expired Return
ed to 
OEM 
for 
Refurbi
shing

Exicom 
Tele-
System
s Ltd.

CPCB/AU
TH/BT/0
179

20-
Apr-
2025

EXI/RET/
25/0420

Handle
d with 
PPE

3 Network 
Accessori
es

Ethern
et 
Switch
es, 
Optical 
SFP 
Modul
es

Site Rack 
Cabinet

10 Nos. Working 
(Old 
Model)

Repurp
osed at 
Trainin
g Lab

BSDM 
Trainin
g 
Center 
– Patna

N/A 05-
May-
2025

BSDM/R
P/25/05
05

Reused 
for 
trainee 
demos

4 Cabling / 
Connecto
rs

Coaxial 
Cables 
(dama
ged 
ends)

Tower 
Feeder 
Line

50 
Meters

Damage
d

Recycl
ed 
(Metal 
Recove
ry)

Green
Wave 
E-
Waste 
Recycl
ers Pvt. 
Ltd.

CPCB/AU
TH/BR/0
456

02-Jun-
2025

GW/REC
/25/060
2

Copper 
reclaim
ed

4.1.4 Safety Standards for Battery Handling and Disposal –
Lead-Acid and Lithium-Ion Batteries

Telecom sites, particularly 5G sites, use lead-acid and lithium-ion batteries for backup power and hybrid

energy systems. Improper handling can lead to chemical burns, fires, explosions, or environmental

contamination. Project Supervisors must ensure safe handling, storage, and disposal while complying

with CPCB and Battery Waste Management Rules 2022.
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1. Key Safety Standards for Battery Handling

Battery Type Safety Standard / Guideline Supervisor Action

Lead-Acid IS 1651:2017, Battery Waste Rules 
2022

Keep upright, use acid-resistant trays, monitor 
for leakage

Lead-Acid Avoid short-circuits, sparks, flames Use insulated tools, enforce no-smoking zone

Lithium-Ion IEC 62133 / IS 16046:2018 Store in ventilated, cool areas; prevent 
mechanical damage

Lithium-Ion Avoid overcharging / deep 
discharge

Ensure BMS protection; supervise charging 
protocols

Both Use PPE: gloves, goggles, apron Train staff on PPE use before handling

Both Fire safety compliance Maintain ABC/CO2 fire extinguishers and 
conduct drills

2. Safe Storage Guidelines

Parameter Lead-Acid Lithium-Ion Supervisor Action

Temperature 15–30°C 15–25°C Monitor room temperature; 
install ventilation or AC if 
needed

Ventilation Required (hydrogen release) Moderate, avoid 
overheating

Ensure exhaust fans are 
operational

Storage 
Orientation

Upright Upright, avoid 
stacking

Prevent physical damage

Container / Tray Acid-resistant Fire-resistant Inspect trays weekly; replace 
if damaged

Maximum Storage 
Period

5–7 years 3–5 years Maintain installation and 
expiry records

3. Handling Procedures at Site

Step No. Activity Safety Measures / Checks

1 Inspect battery for cracks, 
leaks, or swelling

Isolate damaged batteries in red “hazardous” bin

2 Wear PPE Gloves, goggles, apron mandatory

3 Lift / Move Use mechanical trolley or team lift; avoid dropping

4 Check terminals Clean corrosion; use insulated tools

5 Connect / Disconnect Switch off load; follow correct polarity

6 Monitor charging Use BMS; avoid overcharging or overheating

7 Report anomalies Record in Battery Maintenance Log; escalate if needed
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4. Disposal and Recycling Standards

Battery Type Disposal Method Supervisor Role

Lead-Acid Return to OEM / Authorized Recycler Seal, document, and coordinate handover

Lithium-Ion Return to OEM / Authorized Recycler Prevent damage; maintain logs and 
certificate

Both Maintain Battery Return Log Track date, quantity, recycler/OEM, 
acknowledgment

Both Avoid landfill disposal Ensure CPCB compliance; verify disposal 
certificate

5. Sample Supervisor Checklist

Task Status ( / ) Remarks

PPE available and used

Battery room ventilated and temperature-controlled

Damaged batteries isolated

Acid/fire-resistant trays in place

Battery Maintenance Log updated

Batteries returned to authorized recycler

Fire extinguishers inspected

6. Practical Example

Scenario:

At a 5G tower, a lead-acid battery bank requires replacement.

Supervisor Actions:

1.Technicians wear PPE.

2.Disconnect battery using insulated tools; ensure load is off.

3.Place battery in acid-resistant tray; isolate any damaged cells.

4.Record battery details in the Battery Maintenance Log.

5.Handover to CPCB-authorized recycler; obtain disposal certificate.

6.File certificate for compliance and audit.

4.1.5 Safe Handling Procedures For Hazardous Materials, 
Using Protective Gear

Safe handling of hazardous materials involves a structured approach that begins with information and

ends with proper disposal. Following these procedures and using the correct protective gear are

essential for preventing injury and contamination.
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1. Preparation and Planning

Before handling any hazardous material, you must gather information and plan your actions.

• Safety Data Sheets (SDS): This is your primary source of information. Every hazardous material

has an SDS that outlines its properties, risks, required personal protective equipment (PPE),

safe handling procedures, and emergency response actions for spills or leaks. You must read

and understand the SDS before starting any work.

• Risk Assessment: Identify potential hazards, such as flammability, corrosiveness, or toxicity.

Determine who might be at risk and what control measures are needed.

• Work Area: Ensure the work area is well-ventilated, clean, and free from ignition sources. Use

secondary containment trays to catch any spills.

2. Use of Protective Gear (PPE)

PPE acts as a final barrier between you and the hazardous material. The type of PPE required is

specified in the material's SDS.

• Hand Protection: Choose chemical-resistant gloves that are compatible with the specific

substance you're handling. Common materials include nitrile, neoprene, or butyl rubber.

• Eye and Face Protection: Wear safety goggles to protect against splashes. A face shield should

be worn in addition to goggles when there is a risk of a chemical splash.

• Body Protection: Use a chemical-resistant apron or lab coat to protect your clothes and skin

from spills. In some cases, a full-body chemical suit may be necessary.

• Respiratory Protection: If the material produces hazardous fumes, vapors, or dust, wear a

respirator with the correct filter. This may range from a simple dust mask to a full-face

respirator.

3. Safe Handling Procedures

• Handle with Care: Always handle containers carefully to prevent drops or damage. Ensure lids

and caps are tightly sealed to prevent leaks.

• No Decanting: Avoid transferring materials between containers unless absolutely necessary. If

you must, use a funnel and do so over a secondary containment tray.

• Labeling: All containers, including temporary ones, must be clearly labeled with the material

name, its hazards, and the date.

• Spill Response: Know the location of the nearest spill kit and how to use it. In case of a spill,

immediately contain it using absorbent materials and follow the procedures outlined in the

SDS.

4. Storage and Disposal

• Segregation: Store hazardous materials according to their chemical properties (e.g., acids and

bases should be stored separately). Never store incompatible materials together.

• Designated Storage: Keep all hazardous materials in a designated, secure storage area that is

locked and inaccessible to unauthorized personnel.

• Proper Disposal: All hazardous waste must be disposed of through a certified and authorized

hazardous waste management company. You must never mix hazardous waste with general

trash or pour it down a drain.

Telecom Tower Site Maintenance Technician
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Telecom sites generate a variety of waste materials during deployment, maintenance, and upgrades.

Effective recycling and waste minimization reduce environmental impact, save costs, and ensure CPCB

compliance.

1. Common Recyclable Telecom Components

4.1.6 Recyclable Telecom Components and Methods for 
Minimizing Telecom Waste

Component / Material Source at Site Recyclable Method Supervisor Role

Copper cables / Coaxial 
wires

BTS, RRUs, power 
distribution

Copper extraction and 
resale

Collect, segregate, send 
to authorized recycler

Aluminum / Steel 
structures

Tower sections, 
brackets, antenna 
mounts

Metal recycling / 
smelting

Ensure clean, 
dismantled metals sent 
for recycling

PCBs / Circuit boards Routers, RRUs, switches Dismantle and recycle 
through e-waste 
handlers

Verify CPCB-authorized 
recycler handling

Batteries (Lead-acid, Li-
ion)

UPS, DG backup, solar 
hybrid

Return to OEM or 
authorized recycler

Maintain Battery Return 
Log

Plastic components Cable insulation, 
connectors, packaging

Reprocess for reuse or 
send to plastic recycler

Segregate in green bins; 
avoid landfill

Glass / Screens Displays, monitoring 
panels

Specialized recycling Coordinate with e-
waste recycler

Packaging materials Boxes, cartons, foam 
padding

Reuse or recycle Store separately; track 
quantities

Copper/Aluminum 
connectors

RF connectors, adapters Metal recovery Segregate and send to 
recycler

2. Methods for Minimizing Telecom Waste

Method Description / Example Supervisor Role
Segregation at Source Separate metal, plastic, e-waste, 

and hazardous waste 
immediately

Ensure labeled bins at all sites; 
train staff

Reuse of Components Reuse functional routers, 
antennas, and connectors for 
training or low-priority sites

Maintain inventory of reusable 
components

Return to OEM / EPR Programs Send batteries, old RRUs, and 
other equipment back to 
manufacturer under Extended 
Producer Responsibility (EPR)

Coordinate handover and 
maintain acknowledgment 
certificates

Scrap Metal Recovery Collect old copper, aluminum, 
and steel for authorized 
recycling

Inspect metals, remove non-
recyclable contamination

Plastic Recycling Collect cable insulation, plastic 
packaging for recycler

Ensure proper segregation, avoid 
mixing with general waste
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Digital Documentation Reduce paper usage by 
maintaining digital logs instead 
of printed forms

Train staff to update site records 
digitally

Energy-Efficient Practices Reduce DG runtime, optimize 
power usage of test equipment

Track energy consumption; 
implement smart cooling/LED 
lighting

Scheduled Preventive 
Maintenance

Reduces premature disposal of 
equipment

Supervise regular inspection and 
maintenance

Telecom sites generate packaging waste from the delivery of:

• RRUs, routers, switches, and batteries

• Cables, connectors, and antennas

• DG parts, UPS units, and solar equipment

Excess packaging contributes to landfill load, environmental pollution, and unnecessary costs. Project

Supervisors can implement reuse and reduction strategies to minimize waste while promoting

sustainable practices.

1. Methods to Reduce Packaging Waste

4.1.7 Reduction of Packaging Waste Through Reuse of 
Telecom Materials and Accessories

Method Description / Example Supervisor Action

Reuse Original Boxes
Collect sturdy boxes for storage 
or shipping of equipment

Train staff to retain and label 
boxes for future use

Reuse Foam Inserts / Protective 
Materials

Foam, bubble wrap, and 
cardboard separators can be 
reused

Inspect for damage; store in 
dedicated reusable packaging 
area

Segregate Packaging by Material
Separate cardboard, paper, 
foam, and plastics

Maintain labeled bins to prevent 
contamination

Return Packaging to Vendor / 
OEM

Some manufacturers accept 
reusable packaging

Coordinate return and maintain 
acknowledgment

Use Recyclable Packaging
Encourage purchase of items 
with recyclable or biodegradable 
packaging

Update procurement guidelines 
for sustainable sourcing

Digital Documentation / 
Instructions

Replace printed manuals with 
PDFs

Reduce paper waste and 
printing costs

Standardized Repackaging
Use uniform boxes for internal 
transfers

Reduces excess material usage 
and improves inventory 
handling

Telecom Tower Site Maintenance Technician
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4.1.8 Techniques for Energy Optimization in Telecom Sites

Energy consumption at 5G telecom sites is significant due to:

• Active network equipment (RRUs, switches, routers)

• Backup power systems (DG sets, UPS)

• Cooling systems (CRAC units, fans, ACs)

Optimizing energy use reduces operational costs, carbon footprint, and fuel consumption while

improving site sustainability. Project Supervisors play a key role in implementing energy-efficient

practices.

1. Smart Cooling Systems

Efficient cooling reduces electricity usage and prolongs equipment life.

Technique Description Supervisor Role / Example

Intelligent Airflow 
Management

Direct cooling to hotspots; 
prevent overcooling of empty 
spaces

Arrange racks and vents to optimize 
airflow; monitor temperature 
sensors

Variable Speed Fans / AC Adjust fan or compressor speed 
based on load Program fan speed controllers; 

supervise sensor calibration

Free Cooling / Air 
Economizer

Use external air for cooling 
when ambient temperature 
allows

Ensure air filters are clean and 
dampers operational

Temperature Setpoint 
Optimization

Maintain recommended 
temperature (e.g., 24–27°C)

Monitor and log temperature; avoid 
unnecessary overcooling

2. LED and Efficient Lighting
Lighting consumes energy, especially in site rooms, towers, and access areas.

Technique Description Supervisor Role / Example

LED Lighting Replace conventional bulbs 
with LEDs

Ensure all site rooms and access 
pathways have LED lamps installed

Motion Sensors / Timers Lights operate only when 
needed

Install sensors in battery rooms, 
corridors, and storage areas

Zoning / Segmented Lighting Turn off unnecessary areas Supervise lighting schedules; check 
timers quarterly
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3. Hybrid Power Systems
Reducing dependence on diesel generators and grid power improves sustainability.

Technique Description Supervisor Role / Example

Solar Power Integration
Use solar panels to supply 
power during daylight hours

Monitor solar panel output; 
schedule battery charging from 
solar first

Hybrid DG-Solar Systems
DG operates only when battery 
or solar insufficient

Ensure proper BMS and 
automatic switching between 
sources

Energy Storage Systems 
(Batteries)

Store excess renewable energy
Track battery status, state-of-
charge, and efficiency

Load Management / 
Prioritization

Critical equipment prioritized
Configure controllers to shed 
non-essential load during peak 
consumption

4. Practical Example – Energy Optimization at a 5G Site

Scenario:

A 5G tower is powered by a hybrid solar-DG system, with multiple RRUs and AC cooling units.

Supervisor Action Plan:

1. Adjust AC setpoint to 25°C and configure fan speed using site sensors.

2. Switch all internal lights to LED and install motion sensors in low-traffic areas.

3. Monitor solar panel output and schedule battery charging from solar first.

4. Configure hybrid DG system to operate only when battery falls below 50%.

5. Record energy consumption and cost savings in Energy Monitoring Log.

4.1.9 Role of Renewable Energy Sources in Reducing Telecom 
Carbon Footprint

Telecom sites, especially 5G towers, consume significant energy for:

• Active network equipment (RRUs, switches, routers)

• Backup power systems (DG sets, UPS)

• Cooling and auxiliary systems

Traditional diesel generators and grid electricity contribute to greenhouse gas emissions, increasing the

telecom carbon footprint. Integrating renewable energy sources, particularly solar energy, reduces

emissions and operational costs, while supporting sustainable telecom operations.

Telecom Tower Site Maintenance Technician
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1. Key Renewable Energy Sources for Telecom Sites

Energy Source Application in Telecom Sites Supervisor Role / Example

Solar Energy (PV Panels) Powering BTS, RRUs, batteries 
during daytime; reducing DG 
runtime

Monitor solar panel output; 
schedule battery charging 
prioritizing solar first

Hybrid Solar-DG Systems Combine solar energy and diesel 
generator for uninterrupted 
power

Ensure automatic switching 
between sources and optimal DG 
usage

Wind Energy (if site 
feasible)

Small-scale turbines to 
supplement power in remote sites

Monitor turbine performance; 
integrate with hybrid system

Energy Storage (Batteries) Store excess renewable energy for 
night-time or low-sun hours

Track battery state-of-charge and 
efficiency; maintain BMS

2. How Solar Energy Reduces Carbon Footprint

Mechanism Impact on Carbon Emissions Supervisor Action

Direct power supply from solar 
panels

Reduces diesel consumption, 
lowering CO₂ emissions

Monitor solar generation; 
ensure clean panels and proper 
tilt angle

Battery charging using solar Avoids use of DG sets during 
daylight hours

Configure hybrid system to 
prioritize solar charging

Hybrid system optimization Only use DG when 
solar/battery insufficient

Program automatic source 
switching; record DG runtime

Reduction of grid dependency Less reliance on fossil-fuel-
based electricity

Measure monthly energy 
consumption from solar vs 
DG/grid

3. Practical Example – Solar Integration at 5G Site

Scenario:

A 5G tower is installed in a semi-urban area with intermittent grid supply.

Supervisor Action Plan:

1. Install solar PV panels with battery storage capable of powering RRUs and cooling units during

daylight.

2. Integrate hybrid solar-DG system with automatic switching to ensure continuous power.

3. Monitor solar panel output daily; clean panels to maintain efficiency.

4. Schedule battery charging prioritizing solar energy first, minimizing DG runtime.

5. Track monthly DG fuel consumption and record CO₂ reduction in the Energy Monitoring Log.
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4.1.10 Assist In Adopting Solar-Powered Telecom Towers and 
Integrating Hybrid Energy Systems

Assisting in the transition to solar-powered telecom towers and integrating hybrid energy systems is a

multi-step process that involves planning, technical execution, and ongoing maintenance. This approach

is crucial for cutting operational costs, increasing reliability, and reducing the carbon footprint of

telecom networks.

Step 1: Feasibility and Site Assessment

Before any installation, a thorough site assessment is essential.

• Energy Audit: Determine the site's current energy consumption. Analyze historical data to

understand power usage patterns throughout the day and night.

• Solar Insolation and Wind Speed: Evaluate the potential for solar and wind energy. Use data on

average daily solar radiation and wind speeds at the specific location to calculate the required

number of solar panels and the feasibility of wind turbines.

• Location: Consider the site's remoteness. For off-grid towers, solar-hybrid systems are often the

only viable option. For towers with an unreliable grid connection, a hybrid system provides a

reliable backup.

Step 2: System Design and Component Selection

The core of a hybrid system is its intelligent design, which combines various components to ensure

continuous power.

• Solar Photovoltaic (PV) Panels: Based on the energy audit, determine the number and type of

solar panels needed to meet the site's power demand and charge the batteries.

• Battery Energy Storage System (BESS): The battery bank is the heart of the system, storing excess

solar energy for use at night or on cloudy days. Lithium-ion batteries are often preferred over

lead-acid due to their higher energy density, longer lifespan, and lower maintenance needs. The

size of the battery bank determines the site's autonomy (how long it can run without sunlight).

• Backup Generator: Integrate a backup generator (typically diesel) as a last resort. The goal of a

hybrid system is to minimize the generator's runtime, only using it when solar and battery power

are insufficient.

• Power Management System: Install an intelligent controller to manage the flow of energy

between the solar panels, batteries, and generator. This system optimizes energy use, prioritizes

solar power, and reduces reliance on the backup generator.

Step 3: Installation and Integration

This phase involves the physical setup and connection of all components.

• Panel Mounting: Solar panels should be mounted on the tower structure or on a separate ground-

based structure. The mounting angle and orientation must be optimized for maximum sun

exposure.

• System Wiring: Connect all components, including solar panels, charge controllers, batteries, and

the backup generator, to the main power system. All wiring must adhere to strict safety

standards.

• Remote Monitoring: Implement a remote monitoring system to track energy generation,

consumption, and battery status. This allows technicians to troubleshoot issues and optimize

performance from a central location, reducing the need for costly site visits.
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Step 4: Maintenance and Optimization

The process doesn't end with installation. Ongoing maintenance is essential for long-term efficiency and

reliability.

• Regular Cleaning: Clean solar panels periodically to remove dust, dirt, and debris, which can reduce

their efficiency.

• Battery Health Check: Monitor the battery bank's health to ensure it's functioning optimally and to

replace batteries before they fail.

• Performance Analysis: Regularly analyze data from the monitoring system to identify potential

issues and find opportunities for further energy savings. This data can be used to fine-tune the

system's settings and improve overall efficiency.

4.1.11 Best Practices for Managing Telecom Tower Site Waste 
and Reducing DG Fuel Consumption

2. Reducing DG Fuel Consumption

Practice Description / Example Supervisor Role

Segregation at Source
Separate metal, plastic, e-waste, 
batteries, and hazardous materials

Ensure labeled bins; train 
technicians on segregation rules

Reuse and Recycling
Reuse boxes, foam, cables, and 
connectors; recycle metals, plastics, 
and batteries

Maintain Waste Reuse & 
Recycling Log; coordinate with 
CPCB-authorized recyclers

Safe Hazardous Waste 
Handling

Handle battery acid, lubricants, and 
solvents safely

Ensure PPE use, neutralize spills, 
and record handling in logbook

Periodic Environmental 
Audits

Check compliance with CPCB and site 
SOPs

Conduct quarterly audits; 
identify corrective actions

Documentation and 
Reporting

Maintain waste generation and 
disposal records

Update logs for audit and 
compliance purposes

Training Staff Educate team on eco-friendly practices
Conduct periodic training 
sessions and refreshers

Telecom towers, especially 5G sites, generate solid, liquid, and hazardous waste while relying on Diesel

Generators (DG) for backup power. Efficient waste management and DG fuel optimization reduce

operational costs, environmental impact, and carbon footprint.

1. Telecom Tower Site Waste Management Best Practices
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Technique Description / Example Supervisor Role

Hybrid Power Systems Combine solar panels, batteries, 
and DG to minimize DG runtime

Prioritize renewable energy; 
monitor hybrid system 
performance

Load Management / Scheduling Operate non-critical equipment 
during low-load periods

Configure automatic load 
shedding; supervise critical load 
prioritization

Preventive Maintenance Ensure DGs are serviced 
regularly

Check filters, oil, and cooling 
systems to improve efficiency

Energy-Efficient Equipment Use low-power RRUs, LED 
lighting, and smart cooling

Monitor site equipment energy 
consumption; plan upgrades

Optimized DG Operation Hours Schedule DG operation only 
when necessary

Record DG runtime; calculate 
fuel saved per month

Monitoring & Reporting Maintain logs of fuel 
consumption and CO₂ emissions

Analyze trends; recommend 
improvements to reduce usage

Guiding your coworkers on eco-friendly practices and waste management policies is a crucial part of

creating a sustainable workplace culture. The most effective way to do this is through clear

communication, hands-on training, and leading by example. Your guidance should be practical and easy

to follow.

1. Education and Awareness

Start by helping your coworkers understand the "why" behind these policies.

• Explain the Impact: Use simple language to explain what e-waste is and why its proper disposal is

critical for the environment and human health. Show them what's in a circuit board or a battery

that makes it hazardous.

4.1.12 Guiding Co-Workers on Eco-Friendly Practices and 
Waste Management Policies

3. Practical Example – Waste Management & DG Fuel Optimization

Scenario:

A 5G telecom tower has a diesel generator backup and generates waste from battery replacements,

cable upgrades, and packaging.

Supervisor Action Plan:

1. Segregate waste into metals, plastics, hazardous materials, and e-waste.

2. Reuse packaging materials and send batteries and metals to authorized recyclers.

3. Maintain Waste Management Log and submit monthly reports to management.

4. Optimize DG runtime by using solar power during daylight and prioritizing battery discharge before

DG use.

5. Schedule preventive maintenance of DG to ensure fuel-efficient operation.

6. Train staff on waste segregation and energy-saving practices.
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• Highlight the Rules: Clarify the specific company policies

and the relevant government regulations, like the E-

Waste (Management) Rules, 2022. Explain how these

rules affect daily operations and why compliance is

mandatory.

• Provide Visuals: Create and place posters or digital

signage near waste collection points that clearly show

what goes into each bin. Use icons to represent different

types of waste, such as batteries, paper, and plastic, to

make it easy for everyone. Fig. 4.1.1 Awareness on E Waste

2. Hands-on Training and Demonstration

Practical demonstrations are more effective than just providing written instructions.

• Show and Tell: Gather the team for a brief session where you physically demonstrate how to

segregate different types of waste. For instance, show them a non-functional router and explain

where each part (the casing, the circuit board, the cables) should go.

• Walkthroughs: Conduct a walkthrough of the site's waste collection and storage areas. Point out

the clearly labeled bins for e-waste, hazardous materials, and general trash. Explain the

importance of storing batteries in a secure, designated area.

• Role-play Scenarios: Present real-life scenarios, like "What do you do with a leaking battery?" or

"Where does this old printer go?" and guide them through the correct procedure, reinforcing the

safety protocols and proper disposal channels.

3. Incentives and Accountability

Encourage participation by making it a shared responsibility with tangible results.

• Set Clear Goals: Work with management to set measurable goals, such as a 20% reduction in

paper usage or a specific target for e-waste collection per quarter. Share the progress with the

team to keep them motivated.

• Recognition: Acknowledge and reward individuals or teams who consistently follow the policies.

This can be as simple as a shout-out in a team meeting or a small certificate of appreciation.

• Lead by Example: Be a role model for your coworkers. Always follow the policies yourself and

encourage others to do the same. Your consistent actions will reinforce the importance of these

practices.

Telecom sites, including 5G towers, consume water for:

• Cooling systems (e.g., CRAC units, chillers)

• Sanitation and site facilities

• Fire suppression and emergency systems

Implementing water conservation measures and designing sustainable sites reduces environmental

impact, operational costs, and promotes regulatory compliance. Project Supervisors play a key role in

planning, monitoring, and guiding site operations to achieve sustainability goals.

4.1.13 Water Conservation Principles and Sustainable 
Telecom Site Design
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1. Water Conservation Principles

Principle Description / Example Supervisor Role

Rainwater Harvesting Collect and store rainwater 
for non-potable use

Oversee installation of tanks, pipes, and 
filtration systems; monitor storage 
levels

Use of Recycled Water Reuse treated wastewater 
for site cleaning, gardening, 
or cooling

Guide staff on proper reuse protocols; 
ensure water quality compliance

Efficient Cooling Systems Use closed-loop or hybrid 
cooling to minimize water 
loss

Monitor system efficiency; check for 
leaks or evaporation losses

Water-Efficient Fixtures Install low-flow taps, toilets, 
and showerheads

Inspect fixtures; ensure proper 
maintenance and repair leaks promptly

Monitoring and Leak 
Detection

Regularly check pipelines and 
storage tanks

Conduct periodic inspections; maintain 
water consumption logs

2. Sustainable Telecom Site Design

Design Aspect Sustainability Feature Supervisor Role

Site Layout & Orientation Optimize natural ventilation, 
daylighting, and minimize energy-
intensive cooling

Review site plans; ensure 
optimal placement of 
equipment and structures

Green Landscaping Plant drought-resistant vegetation; 
reduce irrigation needs

Plan and supervise landscaping; 
guide maintenance staff

Renewable Energy 
Integration

Use solar panels, hybrid power, and 
energy-efficient equipment

Coordinate installation; monitor 
energy savings and 
environmental impact

Stormwater Management Design drainage and retention 
systems to prevent runoff and 
erosion

Ensure proper grading, 
collection, and reuse of 
stormwater

Material Selection Use recyclable, low-impact materials 
for towers and shelters

Approve procurement of eco-
friendly construction materials

Wastewater Management Include septic tanks or treatment 
units for sanitation needs

Oversee installation and 
maintenance; ensure 
compliance with environmental 
norms

Telecom Tower Site Maintenance Technician
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4.1.14 Importance of Training Telecom Employees on 
Environmental Awareness and Compliance

Telecom operations, particularly 5G network sites, involve activities that generate:

• E-waste (old RRUs, batteries, PCBs)

• Hazardous materials (battery acids, fuels, solvents)

• Energy and water consumption

Proper training and awareness programs ensure employees understand environmental responsibilities,

follow regulatory guidelines, and contribute to sustainable telecom operations.

1. Key Reasons for Training Employees

Reason Description / Example Supervisor Role

Regulatory Compliance Ensures adherence to CPCB, E-
Waste Management Rules, and 
other environmental laws

Conduct briefings; verify employees 
understand SOPs and compliance 
requirements

Reduction of 
Environmental Impact

Minimizes waste generation, fuel 
usage, and pollution

Demonstrate proper waste 
segregation, energy-saving, and water 
conservation practices

Safe Handling of 
Hazardous Materials

Prevents accidents, spills, and 
exposure to toxic substances

Train employees in PPE usage, spill 
response, and safe storage practices

Cost Efficiency Reduces operational expenses by 
promoting reuse, recycling, and 
energy optimization

Show practical examples of reusing 
packaging, optimizing DG runtime, and 
using renewable energy

Promotes Sustainable 
Practices

Encourages eco-friendly behavior 
in daily tasks

Organize periodic workshops, 
demonstrations, and refresher sessions

Enhances Employee 
Accountability

Employees become aware of 
their role in achieving 
sustainability goals

Maintain attendance logs and monitor 
adherence to environmental SOPs

2. Practical Training Activities

Activity Description / Example Supervisor Role

Waste Segregation Drill Hands-on session separating metals, 
plastics, e-waste, and hazardous 
waste

Demonstrate correct labeling 
and collection; supervise 
employees performing the task

Energy Efficiency 
Demonstration

Show use of LED lighting, smart 
cooling, solar, and hybrid systems

Guide employees on monitoring 
and operating energy-efficient 
equipment

Hazardous Material 
Handling

Teach safe handling of batteries, 
fuels, and chemicals

Ensure PPE usage; supervise 
spill response procedures

Environmental SOP Review Walkthrough of site SOPs, E-Waste 
rules, and CPCB guidelines

Conduct interactive sessions; 
clarify doubts and assess 
understanding

Water & Resource 
Conservation

Show rainwater harvesting, low-flow 
fixtures, and closed-loop cooling

Supervise practical application 
and daily monitoring routines
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4.1.15 Conducting Periodic Environmental Audits for 
Sustainability Compliance

Periodic environmental audits at telecom sites help ensure:

• Compliance with CPCB, E-Waste Management Rules, and site SOPs

• Efficient waste management, energy use, and water conservation

• Identification of non-compliance issues and corrective actions

1. Objectives of Environmental Audits

Objective Description / Example Supervisor Role

Regulatory Compliance Check adherence to CPCB, E-
Waste, and environmental rules

Review audit checklist and 
ensure all regulatory points are 
assessed

Waste Management Efficiency Evaluate segregation, reuse, 
and disposal practices

Inspect bins, logs, and 
recycling/reuse records

Energy Optimization Assess use of solar, hybrid 
systems, LED lighting, and smart 
cooling

Monitor energy consumption 
logs; check renewable energy 
utilization

Water Conservation Verify rainwater harvesting, 
efficient fixtures, and closed-
loop systems

Inspect storage tanks, pipelines, 
and water consumption logs

Hazardous Material Handling Ensure proper handling, PPE 
usage, and spill response

Observe handling procedures 
and maintain corrective action 
records

Training & Awareness Confirm staff follow eco-friendly 
practices

Check training records and 
practical adherence on-site

2. Steps to Conduct Environmental Audits

Step Activity / Description Supervisor Role / Example

1 Planning the Audit Prepare audit schedule; identify focus areas (waste, energy, 
water, safety)

2 Checklist Preparation Use standardized checklist covering regulatory, operational, 
and sustainability points

3 On-Site Inspection Inspect bins, logs, equipment, energy meters, water systems, 
and hazardous material storage

4 Data Collection & 
Documentation

Record observations, measure energy/water usage, and take 
photographs if needed

5 Analysis & Reporting Compare findings against regulatory standards and site SOPs

6 Corrective Action & Follow-Up Recommend and implement corrective measures

7 Staff Feedback & Training Share audit findings with co-workers
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5. Employability 
Skills (30 Hours)

It is recommended that all training include the 

appropriate. Employability Skills Module. Content 

for the same can be accessed

https://www.skillindiadigital.gov.in/content/list

DGT/VSQ/N0101

https://www.skillindiadigital.gov.in/content/list
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6. Annexure

Annexure I - QR Codes –Video Links
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Annexure I 

QR Codes –Video Links

Telecom Tower Site Maintenance Technician

Chapter No Unit No Topic Name QR Code

1. Introduction 
to the sector & 
the job role of a 
Telecom Tower 
Site 
Maintenance 
Technician 

1.1:Telecom 
Sector in India

Components of a Cellular Network

Click the QR code to view the 
video on how a telecom tower 
works

2. Maintaining 
Telecom Tower 
Site and Periodic 
Reporting

2.1 Telecom 
Power Systems 
and Preventive 
Maintenance

Types of Telecom Towers

Click the QR code to view the 
video on types of telecom tower

Telecom tower and its 
components

Click the QR code to view the 
video on Telecom tower and its 
components

General Maintenance
activities

Click the QR code to view the 
video
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Chapter No Unit No Topic Name QR Code

3. Managing 

Telecom Site 

Operations Safely 

and Hygienically

3.1. 

Safety 

Standar

ds and 

Site 

Compli

ance

Importance of safe working practices (First 

Aid Techniques)

Click/Scan this QR code to view the 

video for First Aid at work place

Importance of safe working practices

Click/Scan this QR code to view the 

video on Hand Washing techniques

Importance of safe working practices

Click/Scan this QR code to view the 

video on CPR Techniques

4. Sustainability 

Practices in 

Telecom 

Infrastructure 

Management

4.1. 

Sustain

ability 

Practice

s in 

Teleco

m 

Infrastr

ucture 

Manag

ement

Waste Management

https://www.youtube.com/watch?v=zi

wB8h4jVNg

Click/Scan this QR code to view the 

video on Waste Management

Extended Producer Responsibility (EPR)

https://www.youtube.com/watch?v=h

6iOQ0bZt6k

E-waste (Management) Rules, 2022

https://www.youtube.com/watch?v=q

Nj8ESmSwcI
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