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Why a guide dedicated to MRO engineering? 

 

The answer lies in the Key Performance Indicator of Engineering which is 

Reliability (Allocations, cycle time, change failure rate, client Satisfaction, cost, 

code churn, throughput, commit frequency, efficiency, outsourcing rate, project 

margin, deplyment frequency, release burn down, repeat business rate, velocity, 

lead time, cost of delay, capacity utilization, code review time and pull request 

comments)  

 

 

Case study: Industries, Commercial and Residential Buildings, Dryports, 

Warehouses, Petrol stations and yards. 
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1.0 Introduction   

 
Since the Industrial Revolution, maintenance of engineering equipment in the field has been a 

challenge. Although impressive progress has been made in maintaining equipment in the field 

in an effective manner, maintenance of equipment is still a challenge due to factors such as 

size, cost, complexity, and competition. Needless to say, today’s maintenance practices are 

market driven, in particular for the manufacturing and process industry, service suppliers, and 

so on. 1 An event may present an immediate environmental, performance, or safety implication. 

Thus, there is a definite need for effective asset management and maintenance practices that 

will positively influence critical success factors such as safety, product quality, speed of 

innovation, price, profitability, and reliable delivery. 

 

Each year billions of dollars are spent on equipment maintenance around the world. Over the 

years, many new developments have taken place in this area. The terms “maintenance” and 

“maintenance engineering” may mean different things to different people. For example, the 

U.S. Department of Defense sees maintenance engineering as a discipline that assists in 

acquisition of resources needed for maintenance, and provides policies and plans for the use of 

resources in performing or accomplishing maintenance. 2 In contrast, maintenance activities 

are viewed as those that use resources in physically performing those actions and tasks 

attendant on the equipment maintenance function for test, servicing, repair, calibration, 

overhaul, modification, and so on. 

Comprehensive lists of publications on maintenance and maintenance engineering are given in 

References 3 and 4. 

 

Even though maintenance engineering and maintenance have the same end objective or goal 

(i.e., mission-ready equipment/item at minimum cost), the environments under which they 

operate differ significantly. More specifically, maintenance engineering is an analytical 

function as well as it is deliberate and methodical. In contrast, maintenance is a function that 

must be performed under normally adverse circumstances and stress, and its main objective is 

to rapidly restore the equipment to its operational readiness state using available resources. 

Nonetheless, the contributing objectives of maintenance engineering include: improve 

maintenance operations, reduce the amount and frequency of maintenance, reduce the effect of 

complexity, reduce the maintenance skills required, reduce the amount of supply support, 

establish optimum frequency and extent of preventive maintenance to be carried out, improve 

and ensure maximum utilisation of maintenance facilities, and improve the maintenance 

organisation.2 

 

Some key facts and figures directly or indirectly associated with engineering maintenance are 

as follows: 

 

Each year over $300 billion are spent on plant maintenance and operations by U.S. industry, 

and it is estimated that approximately 80% of this is spent to correct the chronic failure of 

machines, systems, and people.5 

In 1970, a British Ministry of Technology Working Party report estimated that maintenance 

cost the United Kingdom (UK) was approximately £3000 million annually.6,7 

Annually, the cost of maintaining a military jet aircraft is around $1.6 million; approximately 

11% of the total operating cost for an aircraft is spent on maintenance activities.8 The typical 

size of a plant maintenance group in a manufacturing organisation varied from 5 to 10% of 

the total operating force: in 1969, 1 to 17 people, and in 1981, 1 to 12 people.9 
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The U.S. Department of Defense is the steward of the world’s largest dedicated 

infrastructure, with a physical plant valued at approximately $570 billion on approximately 

42,000 square miles of land, i.e., roughly the size of the state of Virginia.10 

The operation and maintenance budget request of the U.S. Department of Defense for fiscal 

year 1997 was on the order of $79 billion.11 

Annually, the U.S. Department of Defense spends around $12 billion for depot maintenance 

of weapon systems and equipment: Navy (59%), Air Force (27%), Army (13%), and others 

(1%).10 

In 1968, it was estimated that better maintenance practices in the U.K. could have saved 

approximately £300 million annually of lost production due to equipment unavailability.12 

 

Due to various factors, maintenance must be an integral part of the production strategy for the 

overall success of DEMHA. For the effectiveness of the maintenance activity, the 21st century 

must build on this.13 

 

Some terms and definitions directly or indirectly used in engineering maintenance are: 2, 14-19 

1. Maintenance: All actions appropriate for retaining an item/part/equipment in, or 

restoring it to, a given condition. 

2. Maintenance engineering: The activity of equipment/item maintenance that develops 

concepts, criteria, and technical requirements in conceptional and acquisition phases to 

be used and maintained in a current status during the operating phase to assure effective 

maintenance support of equipment.14 

3. Preventive maintenance: All actions carried out on a planned, periodic, and specific 

schedule to keep an item/equipment in stated working condition through the process of 

checking and reconditioning. These actions are precautionary steps undertaken to 

forestall or lower the probability of failures or an unacceptable level of degradation in 

later service, rather than correcting them after they occur. 

4. Corrective maintenance: The unscheduled maintenance or repair to return 

items/equipment to a defined state and carried out because maintenance persons or 

users perceived deficiencies or failures. 

5. Predictive maintenance: The use of modern measurement and signal- processing 

methods to accurately diagnose item/equipment condition during operation. 

6. Maintenance concept: A statement of the overall concept of the item/product 

specification or policy that controls the type of maintenance action to be employed for 

the item under consideration. 

7. Maintenance plan: A document that outlines the management and technical procedure 

to be employed to maintain an item; usually describes facilities, tools, schedules, and 

resources. 

8. Reliability: The probability that an item will perform its stated function satisfactorily 

for the desired period when used per the specified conditions. 

9. Maintainability: The probability that a failed item will be restored to adequately 

working condition. 

10. Active repair time: The component of downtime when repair persons are active to affect 

a repair. 

11. Mean time to repair (MTTR): A figure of merit depending on item maintainability equal 

to the mean item repair time. In the case of exponentially distributed times to repair, 

MTTR is the reciprocal of the repair rate. 
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2.0. Electrical Design and Power System 

 
2.1. Front End Engineering Design (FEED) 

Electrical Front End Engineering Design (FEED) is a process that involves the creation of all 

the designs that will be used to manufacture a product. It includes all the drawings, models, 

and specifications needed to build the product. 

1. Single Line Diagram  

2. Cable Route Layout 

3. Earthing design 

4. Lighting design 

5. Load flow study 

6. GA Drawings  

7. Relay coordination study  

8. Bill of quantity preparation  

 

Front End Engineering Design (FEED) is typically done in conjunction with Back End 

Engineering Design (BED), which involves creating detailed blueprints for each part of a 

product. These blueprints are used to make parts for the finished product. 

1. Estimation of Electrical Loads 

2. Preparation of Electrical Layout Design Drawings 

3. Preparation of Tender Documents containing Specifications & Bill of quantities 

4. Assist Client in Floating Bids 

5. Preparation of Techno-Commercial Analysis 

6. Assist Client in awarding of works to respective Agencies/Contractors 

7. Prepare/Approve/Issue Construction Drawings 

 

The Front End Engineering Design (FEED) process has four main steps: 

1. Perform a feasibility study of alternatives 

2. Create a conceptual design of the product 

3. Develop a detailed design for how to produce it 

4. Analyse risks and costs 

 

The Front End Engineering Design (FEED) is a critical part of any construction project. It 

involves the early design and development of the project, including all aspects of the 

construction process. This includes planning, designing, and implementing all components of 

the construction process. 

 

The Front End Engineering Design process is typically used during the pre-construction phase 

of a project. This can include a wide range of activities, such as: 

1. Designing and developing detailed drawings 

2. Preparing cost estimates for each component of the project 

3. Establishing methodologies for constructing each component 

 

2.2. Electrical Design 

Electrical Design is the planning and specification of all electrical components and systems 

within your project. We analyse power requirements, design distribution networks, select 

equipment, and develop detailed installation plans. It is the blueprint for your project’s power 

flow, ensuring every watt finds its way efficiently and safely from source to device, optimising 

operation, minimising costs, and boosting your project’s value. 
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Fig. 2.2. Sections of DEMHA Entities  

 

Benefits of Effective Electrical Design 

1. Enhanced energy efficiency: Optimises power consumption, reducing operational costs 

and minimising environmental impact. 

2. Improved system reliability: Minimises downtime and protects equipment, ensuring 

smooth operation and project productivity. 

3. Enhanced safety and compliance: Adheres to strict regulations and codes, guaranteeing 

the safety of personnel and equipment. 

4. Reduced construction delays and rework: Minimises errors and ensures compatibility 

between electrical components, streamlining construction and saving time. 

5. Increased building value: Enhances the overall value of your project through an 

efficient and reliable electrical system. 

 

Applications of Electrical Design 

1. Commercial and residential buildings, Offices, shopping centres, hospitals, and homes. 

2. Industrial facilities: Factories, refineries, and power plants. 

3. Infrastructure projects: Transportation hubs, airports, and renewable energy projects. 

4. Data centres and IT facilities: Ensuring critical systems have uninterrupted power 

supply. 

5. Medical facilities: Hospitals, clinics, and research labs requiring precise and reliable 

power. 

 

Standard Code Reference for Electrical Design 

1. IEC 60038: Rotating Electrical Machines – Standards for construction, testing, and 

performance of motors and generators. 

2. IEC 60051: Direct Acting Indicating Analogue Electrical Measuring Instruments and 

their Accessories – Specifications for design and accuracy of analog meters. 

3. IEC 60076: Power Transformers – Covers design, testing, and operation of 

transformers. 

4. IEC 60364: Low-Voltage Electrical Installations – Sets the global benchmark for safe 

and reliable electrical installations in buildings. 

5. ISO 9001: Quality Management Systems – Helps us optimise our design process and 

deliver consistent quality. 

6. ISO 14001: Environmental Management Systems – Guides us in incorporating 

sustainable design principles. 

7. NFPA 70 National Electrical Code (NEC): The primary code in the United States for 

safe electrical installations. 
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8. NFPA 70E Standard for Electrical Safety in the Workplace: Focuses on worker safety 

during electrical work. 

9. IEEE 1547/1547.1: Standard for Interconnection and Interoperability of Distributed 

Energy Resources with Electric Power Systems – Ensures safe and compatible 

integration of renewable energy sources. 

10. IEEE C39: Power Systems Analysis – Provides standards for motor starting analysis 

and other power system studies. 

11. ANSI C57.13: Requirements for Single-phase Distribution Transformers, 600 V 

Nominal – Addresses performance and safety of distribution transformers. 

 

Electrical Design Methodology 

1. Project requirements analysis and feasibility studies: We assess your power needs, 

budget constraints, and regulatory requirements. 

2. Conceptual design and load calculations: We design the electrical system architecture 

and calculate power requirements for each component. 

3. Equipment selection and specification: We choose the optimal electrical equipment 

based on safety, efficiency, and budget considerations. 

4. Detailed engineering drawings and schematics: We develop detailed blueprints and 

schematics for installation and construction. 

5. Construction support and commissioning: We provide on-site support during 

construction and commissioning, ensuring the system operates as designed. 

6. Ongoing maintenance and support: We offer ongoing maintenance and support services 

to ensure the long-term health and performance of your electrical system. 

 

Electrical Design Deliverables 

1. Electrical single line diagram and Schematics 

2. HT & LT panel and distribution network design 

3. Calculation of sizing of transformers, switchgear and other electrical equipment 

4. Electrical site plan and layouts 

5. Lightning system design documents 

6. Installation drawings 

7. Cable sizing calculations and cable schedule 

8. Cable tray layouts 

9. Bus trunking system design 

10. Lighting design for indoor and outdoor facilities, lux level as per industrial codes 

11. Earthing system design calculations and earthing layouts 

12. Green energy generation (solar or wind) feasibility report 

13. Electrical load estimation 

14. Bill of Quantity (BOQ)  

15. Bill of material (BOM) 

 

2.3. Lighting Design 

Lighting Design goes beyond mere illumination. It is the planning and artistry of light, 

optimising how it interacts with your space to achieve specific functional and aesthetic goals. 

We analyse your needs, define lighting levels, select fixtures, and design control systems to 

create the perfect balance of function, form, and sustainability. 

 

Lighting Design helps to achieve energy efficiency at the design stage, by incorporation of 

modern energy-efficient lamps, luminaires, and gears, apart from good operational practices. 
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Benefits of Effective Lighting Design 

1. Enhanced productivity and performance: Optimises light levels for visual tasks, 

improving work performance and occupant well-being. 

2. Reduced energy consumption: Integrates sustainable technologies and controls, 

minimising energy costs and environmental impact. 

3. Improved safety and security: Strategically placed lighting enhances visibility and 

deters crime, creating a safer environment. 

 

Applications of Lighting Design 

1. Commercial and residential buildings: Offices, hotels, restaurants and apartments. 

2. Industrial facilities: Factories, warehouses, and production lines. 

3. Public spaces: Schools, hospitals, airports, and transportation hubs. 

4. Event spaces and entertainment venues: Concert halls, museums, and sporting 

facilities. 

5. Outdoor spaces: Landscape lighting, architectural lighting, and public areas. 

 

Lighting Design Standards Reference 

1. Illuminating Engineering Society (IES) Lighting Handbook: Provides 

recommendations for optimal lighting levels and quality in various spaces. 

2. International Commission on Illumination (CIE) Standards: Address technical aspects 

of lighting measurement and performance. 

3. Local Building Codes and Regulations: Ensure compliance with specific requirements. 

 

Lighting Design Services Methodology 

1. Project requirements analysis and site evaluation: We assess your needs, architectural 

characteristics, and existing infrastructure. 

2. Conceptual design and lighting calculations: We develop lighting concepts, calculate 

light levels, and select preliminary fixtures. 

3. 3D lighting visualisation and renderings: We create realistic simulations using DiaLux 

Software of your space with different lighting options, allowing for informed decisions. 

4. Detailed lighting plans and technical specifications: We develop detailed AutoCAD 

drawings, blueprints and specifications for fixture placement, controls, and wiring. 

5. Construction support and commissioning: We provide on-site support during 

construction and commissioning, ensuring the system operates as designed. 

6. Post-occupancy evaluation and adjustments: We analyse occupant feedback and fine-

tune the system for optimal performance. 

 

Lighting Design Deliverables 

1. Comprehensive Lighting Design Document: Including lighting calculations, fixture 

specifications, control systems design, and detailed installation plans. 

2. 3D Lighting Renderings: Visualising your space with different lighting options to 

refine your design decisions. 

3. Construction schedule and cost estimates: A clear roadmap for project execution and 

budgeting. 

 

About Dialux Software 

DIALux is the leading software for lighting design to Plan, calculate and visualise light for 

indoor and outdoor areas, from entire buildings and individual rooms to parking spaces or street 

lighting. 
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2.4. Single Line Diagram Preparation (SLD) 

Single Line Diagram preparation (SLD) is the process of creating a simplified visual 

representation of an electrical power system using single lines to symbolise various 

components. Imagine condensing a complex electrical network into a clear blueprint, showing 

connections between generators, transformers, buses, and protective devices. By using 

standardised symbols and focusing on key electrical parameters like voltage, current, and 

impedance, SLDs provide a vital tool for understanding, analysing, and optimising power 

systems across diverse applications. Its conciseness makes it readily interpretable by engineers 

and technicians, facilitating efficient communication and decision-making within the electrical 

domain. 

 

IEC Standards for Single Line Diagram Preparation (SLD) include: 

1. IEC 61082-1: This standard provides general rules for preparing documentation used 

in electrotechnology. It includes guidelines for symbols, graphical symbols, and single-

line diagrams. 

2. IEC 60617: This series of standards specifies graphical symbols for use in 

electrotechnical diagrams, including single-line diagrams. It provides a standardised 

way to represent various electrical components and functions. 

3. IEC 61082-2: This standard focuses specifically on the representation of connections 

and lists in single-line diagrams and provides guidelines for their use. 

4. IEC 60848: This standard defines the graphical symbols for electrical diagrams in the 

field of telecommunications, including information applicable to the preparation of 

single-line diagrams for communication systems. 

5. IEC 617: This series of standards covers the connection diagrams and terminal 

markings for industrial-process measurement and control equipment. 

6. IEC 61346: This standard defines the structure for reference designations of objects in 

electrical and electronic engineering. It helps in assigning unique labels to components 

in single-line diagrams. 

 

These IEC standards help ensure that Single Line Diagram Preparation (SLD) are created in a 

standardised and coherent manner, facilitating effective communication and understanding 

among professionals in the field of electrical engineering. 

 

Creating Single Line Diagram Preparation  

When creating Single Line Diagram Preparation (SLD) according to IEC standards, it’s 

important to consider the following aspects: 

1. Symbol Usage: Use the standardised graphical symbols as defined in IEC 60617 to 

represent various electrical components and functions. 

2. Layout and Format: Follow the guidelines in IEC 61082-1 for the layout and format of 

the diagrams to ensure clarity and consistency. 

3. Connection Representation: Adhere to the guidelines in IEC 61082-2 for representing 

connections and lists in single-line diagrams. 

4. Reference Designations: Utilise the principles of IEC 61346 for assigning unique 

reference designations to components within the diagrams. 

5. Communication Systems: If your single-line diagram includes communication systems, 

refer to IEC 60848 for guidance on symbols and representation. 

 

Here are the common levels at which Single Line Diagram Preparation (SLD) are created: 

1. Conceptual Level: At this level, the Single line diagram preparation (SLD) provides a 

very high-level overview of the electrical system. It includes major components such 
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as generators, transformers, distribution panels, and key interconnections. This type of 

SLD is often used for initial planning and discussions. 

2. Preliminary Level: A preliminary Single line diagram preparation (SLD) provides more 

detail than the conceptual level. It includes additional components and connections, 

such as major cables, main switchgear, and significant loads. This type of diagram is 

used for early-stage design and feasibility studies. 

3. Design Level: A design-level Single line diagram preparation (SLD) is more detailed 

and includes a comprehensive representation of the electrical system. It includes 

specific components, such as individual circuit breakers, relays, control devices, and 

secondary distribution panels. This type of diagram is used for detailed design, 

engineering, and construction. 

4. Construction Level: This level of detail is used during the construction phase of a 

project. It includes precise information about wire sizes, conductor types, conduit 

routes, and other construction-specific details. It helps electricians and contractors 

accurately implement the electrical system. 

5. As-Built Level: An as-built Single line diagram preparation (SLD) reflects the actual 

installation of the electrical system after construction is completed. It incorporates any 

changes or deviations from the original design. As-built diagrams are essential for 

maintenance and future modifications. 

6. Maintenance Level: Maintenance Single line diagram preparation (SLD) provide 

detailed information about the electrical system to aid in troubleshooting, repairs, and 

routine maintenance. They might include information about testing points, instrument 

connections, and more. 

7. Safety and Operations Level: For operational and safety purposes, certain SLDs might 

focus on safety interlocks, emergency shutdowns, and other critical functions. These 

diagrams are used by operators to understand the safe operation of the system. 

8. Specialised Level: Depending on the specific application, Single line diagram 

preparation (SLD) might be created to highlight particular aspects of the system. For 

example, a motor control SLD would emphasise motor starters, relays, and control 

devices. 

 

Single Line Diagram Preparation (SLD) Methodology Includes: 

1. Information Gathering. 

2. Developing the electrical system understanding. 

3. Selection of software tools such as AutoCAD, ETAP, Easy Power, Microsoft Visio etc 

4. Defining the Layout and scale for representation. 

5. Preparing the electrical network of the facility. 

6. Incorporating all data of electrical equipment which include protective devices, cables, 

panels, load, etc. 

7. Indicating the safety features and interlocks. 

8. Review of validation of the network. 

9. Client Review and Approval. 

10. Finalising the document. 

 

2.5. Load Flow Study 

In electrical engineering and power systems, ensuring a stable and reliable power supply is 

paramount. To achieve this, power utilities, engineers, and operators rely on a crucial tool 

known as the Load Flow Study, also called Power Flow Analysis. 
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Load Flow Study is a computational analysis that accurately simulates the behaviour of your 

power system under various operating conditions. It uses advanced software to analyse the 

complex interplay of factors like voltage, current, power losses, and equipment loading, 

creating a digital model of how electricity flows throughout your network. Fig. 2.5 reveals 

potential bottlenecks, imbalances, and inefficiencies, empowering you to optimise 

performance, enhance reliability, and make informed decisions for the efficient and reliable 

management of your valuable electrical infrastructure. 

Figure 2.5. SLD bottlenecks, imbalances and inefficiencies   

 

Objectives of Load Flow Study 

1. Voltage Profile Analysis: One of the primary objectives of a Load Flow Study is to 

determine the voltage levels at all nodes within the power system. Maintaining proper 

voltage levels is crucial to prevent equipment failure, ensure optimal performance, and 

provide a stable power supply to consumers. Voltage levels that are too high or too low 

can lead to inefficiencies, overheating of devices, and even blackouts. 

2. Power Loss Calculation: Load Flow Studies calculate the power losses that occur 

during the transmission and distribution of electrical power. Identifying and minimising 

these losses is vital to enhance the overall efficiency of the power system. Reducing 

power losses translates to cost savings and a more sustainable energy distribution 

network. 

3. Reactive Power Control: Proper control of reactive power is essential to maintain 

voltage stability. A Load Flow Study evaluates the need for reactive power 

compensation devices such as capacitors and reactors to regulate voltage levels and 

improve the power factor. By optimising reactive power flow, power utilities can 

reduce energy wastage and enhance voltage stability. 

4. Load Balancing: Maintaining a balanced power system is crucial to ensure that the 

power generation matches the demand at all locations. Load Flow Studies help identify 

potential areas of overload, allowing for better resource planning and allocation. This 

ensures that equipment is not strained and the power supply remains uninterrupted. 

5. Contingency Analysis: The power grid is susceptible to various contingencies, 

including equipment failures, sudden changes in power demand, or natural disasters. 

Load Flow Studies perform contingency analysis to assess the system’s response to 

these events. By identifying potential vulnerabilities, power utilities can develop robust 

contingency plans to ensure uninterrupted power supply during emergencies. 
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Benefits of Effective Load Flow Study 

1. Enhanced operational efficiency: Identify areas for optimising power flow, minimising 

losses, and reducing energy costs. 

2. Improved system reliability: Predict and pre-empt potential issues like overloading, 

voltage drops, and equipment failures. 

3. Informed planning and expansion: Optimise infrastructure investments by simulating 

the impact of new loads, expansions, and renewable energy integration. 

4. Compliance with regulations: Ensure your system complies with relevant voltage and 

stability standards. 

 

Applications of Load Flow Study 

1. Power generation and distribution systems: From power plants to grids, ensuring 

optimal power flow across complex networks. 

2. Industrial facilities: Optimising internal power distribution and minimising energy 

costs within factories and other industrial complexes. 

3. Building electrical systems: Balancing power usage and preventing overloaded circuits 

in commercial and residential buildings. 

4. Renewable energy integration: Analysing the impact of integrating solar, wind, and 

other renewable sources into existing power systems. 

 

Standard Reference to Perform Load flow Study 

1. IEEE 399-1997: IEEE Recommended Practice for Industrial and Commercial Power 

Systems Analysis 

2. IEEE 3002.2-2018: IEEE Recommended Practice for Conducting Load-Flow Studies 

and Analysis of Industrial and Commercial Power Systems 

 

The Methodology Includes: 

1. Data Collection & Validation 

2. Data Population 

3. Software Simulation 

4. Report Generation 

 

 

Software & Simulation Tools used for Load Flow Study 

Conducting Load Flow Studies requires sophisticated computational algorithms to solve the 

complex power flow equations. The most widely used method is the Newton-Raphson 

algorithm, which iteratively calculates the power flow across the network. Advanced power 

system analysis software and simulation tools have made these calculations more efficient and 

accurate. Some of the tools include: - ETAP, DIGSILENT and PSSE  

 

tel:399-1997
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2.6. Short Circuit Study 

Short circuit study, also known as fault analysis or fault current analysis, is a critical study 

performed in electrical power systems to assess the behaviour and effects of electrical faults. 

A fault occurs when an unintended connection is made between two points in the system, 

resulting in a high current flow. 

Short circuit study analyses potential electrical faults within your power system using advanced 

software. It meticulously calculates the magnitude and duration of fault currents that could flow 

under various scenarios, identifying vulnerable points and ensuring your protective devices can 

handle unexpected surges. This proactive analysis safeguards personnel and equipment, 

minimises downtime, and ensures compliance with safety regulations, shielding your system 

from the potentially catastrophic consequences of electrical short circuits. 

 

Effective short circuit study is essential for the following reasons: 

1. System Safety: Short circuits can lead to dangerous conditions, such as overheating, 

arcing, and equipment damage. By identifying potential fault points, the risk of 

electrical accidents and fires can be minimised. 

2. Equipment Protection: Electrical equipment, such as transformers, circuit breakers, and 

cables, can be severely damaged due to excessive fault currents. Short circuit analysis 

helps in selecting proper protective devices to prevent damage. 

3. System Reliability: Short circuits can disrupt the normal operation of power systems, 

leading to unplanned outages. Analysing short circuits helps in designing reliable 

systems and reducing downtime. 

4. Compliance with Standards: Many safety and industry standards require short circuit 

analysis to be conducted during the design and installation of electrical systems. 

 

Fig. 2.6. Short circuit of 800kVA load   

 

Applications of Short Circuit Study 

1. Power generation and distribution systems: Protecting critical infrastructure from 

devastating short circuits within power plants and grids. 

2. Industrial facilities: Safeguarding personnel and equipment within factories, refineries, 

and other industrial complexes. 

3. Commercial and residential buildings: Ensuring safety and minimising disruption in 

office buildings, hospitals, and residential settings. 

4. Renewable energy integration: Assessing potential short circuit risks associated with 

integrating solar, wind, and other renewable energy sources. 

 

Standards for Short Circuit Study 

The standards that need to be followed for short circuit study depend on the specific industry 

and the type of electrical installation. Some of the commonly used standards include: 
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1. IEEE 1584: IEEE Guide for Performing Arc-Flash Hazard Calculations provides 

methods for calculating incident energy and arc-flash boundary for electrical 

equipment. It is widely used in industrial settings. 

2. IEC 60909: Calculation of Short-Circuit Currents in Three-Phase A.C. Systems 

provides guidance on calculating short circuit currents in AC power systems. 

3. NFPA 70E (National Electrical Code): The NEC sets the standards for safe electrical 

design, installation, and inspection. 

4. IEC 60909-0: This standard provides general principles and requirements for short-

circuit current calculations. 

 

Methodology of Short Circuit Study 

Performing a short circuit study involves several key steps to assess the fault currents and 

potential hazards in an electrical power system. At 4A Energy, we adhere to a comprehensive 

methodology for conducting short circuit study. Our approach encompasses the following 

essential steps to ensure a thorough and accurate assessment of your electrical power system: 

1. Data Collection & Validation 

2. Software Modelling 

3. Defining Fault types & Locations 

4. Specify Fault Impedances & Duration 

5. Calculate Fault Currents 

6. Protective Device Evaluation 

7. Analysing the Results & Documentations 

 

Software & Simulation Tools 

There are several software and simulation tools available for short circuit study. These tools 

are widely used by electrical engineers, consultants, and organisations to perform 

comprehensive short circuit studies and ensure the safety and reliability of electrical power 

systems.  

1. ETAP (Electrical Transient and Analysis Program) 

2. SKM Power Tools 

3. DigSILENT Power Factory 

4. PSS®E (Power System Simulator for Engineering) by Siemens. 

 

2.7. ARC Flash Study 

ARC Flash Study analyses potential electrical arc flash events within your power system using 

advanced software. They calculate the intensity, energy release, and hazardous zone boundaries 

of these explosive arcs, revealing areas where personnel could be injured. This proactive 

assessment empowers you to implement effective safety measures like appropriate Personal 

Protective Equipment (PPE) and safe work procedures, preventing injury and ensuring 

compliance with vital electrical safety regulations like NFPA 70E and IEEE 1584. 

 

Benefits of ARC Flash Study 

1. Enhanced worker safety: Minimises risk of injury or death from arc flash burns, 

explosions, and projectiles, safeguarding your most valuable asset – your personnel. 

2. Reduced liability and insurance costs: Demonstrates proactive safety measures, 

potentially lowering insurance premiums and mitigating legal risk. 

3. Optimised protective equipment selection: Ensures workers wear appropriate Personal 

Protective Equipment (PPE) rated to withstand anticipated arc flash hazards. 

4. Improved electrical safety culture: Promotes awareness and understanding of arc flash 

dangers, leading to safer work practices and procedures. 
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5. Compliance with regulations: Guarantees your system adheres to relevant national and 

international standards for arc flash safety. 

 

Fig. 2.7. Arc Flash PPE Requirements  

 

Applications of ARC Flash study 

1. Power generation and distribution systems 

2. Industrial facilities 

3. Commercial and residential buildings 

4. Renewable energy systems 

 

ARC Flash Reference Standard 

To perform an arc flash study, various standards and guidelines need to be followed. Here are 

some commonly followed standards. 

1. NFPA 70E: Standard for Electrical Safety in the Workplace. 

2. IEEE 1584: Guide for Performing Arc Flash Hazard Calculations. 

3. IEC 61482: Protective Clothing against the Thermal Hazards of an Electric Arc. 

4. IEC 60909: Short-Circuit Currents in Three-Phase A.C. Systems. 

5. OSHA Regulations: Depending on the location and industry, Occupational Safety and 

Health Administration (OSHA) regulations may apply. 

 

ARC Flash Study Methodology 

1. Data gathering and system modelling: We meticulously collect data about your system 

components, operating conditions, and regulatory requirements. 

2. Arc flash analysis: We utilise advanced software to simulate potential arc flash events 

and calculate their intensity, energy release, and hazardous zone boundaries. 

3. PPE selection and labelling: We recommend appropriate PPE for your workers based 

on arc flash hazard levels and label equipment with clear hazard zone markings. 
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4. Safe work practice recommendations: We provide guidance on safe work procedures 

and training requirements to minimise arc flash risks. 

5. Detailed report and ongoing support: We deliver a comprehensive report outlining 

findings, recommendations, and remain available for ongoing support and consultation. 

 

ARC Flash Study Deliverables 

1. Comprehensive Arc Flash Study Report: Including detailed analysis, graphical 

representations, hazard zone maps, and PPE selection recommendations. 

2. Arc flash labelling plan and implementation: Clearly identifying hazardous zones on 

equipment for worker safety. 

3. Safe work practice recommendations and training guidance: Empowering your 

personnel to work safely around potential arc flash risks. 

 

2.8. Relay Coordination Study 

Relay coordination is a critical aspect of any electrical system, ensuring that the protection 

system operates as intended to protect the system from faults and minimise the impact of any 

faults that occur.  

 Relay coordination study is an essential part of maintaining the reliability and safety of an 

electrical system. It involves the analysis of the protection settings and coordination of the 

protective relays to ensure optimal protection of the electrical system. 

 

Fig. 2.8. Relay coordination study 

 

A coordination study consists of the selection or setting of all series protective devices from 

the load upstream to the power supply. In selecting or setting these protective devices, a 

comparison is made of the operating times of all the devices in response to various levels of 

overcurrent. The objective is to design a selectively coordinated electrical power system. 

 

Benefits of Relay Coordination Study 

1. Improved system reliability 

2. Increased safety for personnel and equipment 

3. Reduced system downtime 

4. Compliance with industry regulations and standards 

5. Improved energy efficiency 

 

Protective Device Coordination Results 

1. Detailed recommendations for new and replacement protective devices when the study 

determines those existing devices do not provide proper protection or coordination. 
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2. Time-current coordination curves with the information described above. 

3. Tabulations of recommended protective device settings identified by location, 

equipment number, function number and adjustable range. 

 

Relay Coordination Study Methodology 

1. Data Collection: We gather all the necessary data related to the electrical system, 

including drawings, schematics, equipment ratings, and protection settings. 

2.  Analysis: Our team uses advanced software and tools to analyse the protection system, 

identifying any coordination issues or gaps that may exist. 

3. Recommendations: We provide recommendations for changes to the protection settings 

or coordination of the protective relays to improve system protection and reliability. 

4.  Implementation: Our team can assist with the implementation of any recommended 

changes, ensuring that the protection system operates optimally. 

 

Relay Coordination Study Deliverables 

1. Extensive experience in conducting Relay Coordination Studies for various industries 

and applications 

2. Access to the latest software and tools for analysis and recommendations 

3. A team of highly trained and experienced engineers 

4. Customised solutions tailored to the specific needs of your organization 

5. Compliance with industry regulations and standards 

 

2.9. Insulation Co-ordination Study 

Insulation Co-ordination Study is a systematic analysis aimed at determining the appropriate 

insulation levels for electrical equipment within a given system. It involves assessing the 

voltage stress, surge conditions, and insulation strength of various components to prevent 

breakdowns, flashovers, and other forms of electrical failures. The study also recommends 

appropriate protective measures and insulation materials to ensure system reliability. 

 

Benefits of Insulation Co-ordination Study 

1. Enhanced equipment life: Minimises insulation breakdown and equipment 

failure, extending the lifespan of your valuable assets. 

2. Reduced downtime and maintenance costs: Prevents costly repairs and 

disruptions, streamlining operations and optimising budget allocation. 

3. Improved safety: Mitigates risk of electrical hazards like short circuits and 

fires, safeguarding personnel and infrastructure. 

4. Optimised system performance: Ensures your equipment operates within its designated 

voltage range, maximising efficiency and reliability. 

5. Compliance with regulations: Guarantees your system adheres to relevant national and 

international standards for insulation coordination, like IEC 60071 and IEEE C37.90. 

 

Applications of Insulation Co-ordination Study 

1. Power generation and distribution systems: Protecting critical equipment within power 

plants and grids from lightning strikes and switching transients. 

2. Industrial facilities: Safeguarding motors, transformers, and other sensitive equipment 

in factories and processing plants. 

3. Commercial and residential buildings: Ensuring safety and minimising downtime in 

offices, hospitals, and residential settings. 

4. Renewable energy integration: Analysing potential insulation challenges associated 

with integrating solar, wind, and other renewable energy sources. 
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Insulation Co-ordination Study Methodology 

1. Data gathering and system modelling: Collect data about your system components, 

operating conditions, and regulatory requirements. 

2. Transient event analysis: Analyse potential over voltage scenarios, including lightning 

strikes, switching surges, and other transient phenomena. 

3. Insulation strength evaluation: Assess the withstand capability of your insulation 

system against identified transient events. 

4. Risk mitigation recommendations: Provide clear and actionable recommendations for 

strengthening your insulation or implementing surge protection devices. 

5. Detailed report and ongoing support: Deliver a comprehensive report outlining 

findings, recommendations, and remain readily available for ongoing support and 

consultation. 

 

Insulation Co-ordination Study Deliverables 

1. Comprehensive Insulation Coordination Study Report: Including detailed analysis, 

graphical representations, risk assessment, and mitigation recommendations. 

2. Optimised system configurations: Suggestions for improving your insulation strength 

or implementing appropriate surge protection devices. 

3. Cost-benefit analysis: Quantifying the potential savings and risk reduction achieved 

through our recommendations. 

 

2.10. Transient Stability Analysis 

Power System Transient Stability Analysis involves investigating the dynamic behaviour of 

systems during abrupt changes or disturbances. By simulating and analysing transient events, 

this process sheds light on how a system responds to sudden voltage fluctuations, fault 

occurrences, and other disruptive events. The insights gained enable the formulation of 

mitigation strategies to safeguard your infrastructure. 

 

Benefits of Transient Stability Analysis 

1. Enhanced system reliability: Minimises the risk of power outages and 

blackouts, ensuring continuous electricity supply for your operations. 

2. Improved grid resilience: Strengthens your system’s ability to withstand 

disturbances, contributing to stable and reliable power grids. 

3. Optimised protection scheme design: Guides the selection and configuration of 

protective devices to effectively handle unexpected events. 

4. Informed system upgrades and expansions: Provides valuable insights for planning 

future upgrades and expansions, ensuring system stability even with increased demand. 

5. Compliance with regulations: Guarantees your system adheres to essential transient 

stability standards like IEEE C39 and NERC Reliability Standards. 

 

Applications of Transient Stability Analysis 

1. Power generation and distribution systems: Optimising grid operation and protecting 

critical infrastructure from disturbances. 

2. Industrial facilities: Ensuring reliable power supply for continuous manufacturing and 

production processes. 

3. Renewable energy integration: Assessing the impact of variable renewable energy 

sources on system stability. 

4. Power system planning and expansion: Evaluating the stability implications of future 

grid upgrades and expansions. 



-DEMHA- 

Troubleshooting Guide                                                                                 Demha Consulting (T) Ltd                                           

20 

 

Transient Stability Analysis Methodology 

1. Data gathering and system modelling: Collect data about your system components, 

operating conditions, and regulatory requirements. 

2. Disturbance scenario development: Simulate various potential disturbances based on 

historical data and industry standards. 

3. Transient response analysis: Utilise advanced software to calculate your system’s 

behaviour under each disturbance scenario. 

4. Stability assessment and mitigation recommendations: Evaluate your system’s ability 

to recover from disturbances and provide clear recommendations for enhancing 

stability. 

5. Detailed report and ongoing support: Deliver a comprehensive report outlining 

findings, recommendations, and remain readily available for ongoing support and 

consultation. 

 

Transient Stability Analysis Deliverables 

1. Comprehensive Transient Stability Study Report: Including detailed analysis, graphical 

representations, stability assessment, and mitigation recommendations. 

2. Optimised protection scheme configurations: Suggestions for improving your system’s 

ability to handle disturbances through effective protective device selection and settings. 

3. Cost-benefit analysis: Quantifying the potential economic benefits of implementing our 

recommendations for enhanced stability. 

 

2.11. Harmonics Analysis 

Harmonics Analysis is a meticulous investigation of unwanted electrical currents called 

harmonics present within power systems. These harmonics, multiples of the fundamental 

frequency, arise from non-linear equipment like rectifiers and inverters. Our analysis quantifies 

their presence, identifies their sources, and assesses their potential impact on equipment 

performance, power quality, and system stability. 

Harmonics, often caused by non-linear loads, can introduce disturbances that compromise 

system performance, disrupt equipment, and lead to increased energy costs. A comprehensive 

Harmonics Analysis is essential to identify and mitigate these issues. 

 

Benefits of Harmonics Analysis 

1. Enhanced equipment lifespan: Minimises harmonic-induced stress on 

equipment, extending its lifespan and reducing maintenance costs. 

2. Improved power quality: Ensures reliable, clean power by identifying and mitigating 

harmonic distortion, protecting sensitive electronics. 

3. Reduced fire risk: Mitigates harmonic-induced heating, minimising the risk of 

electrical fires and safety hazards. 

4. Compliance with regulations: Guarantees your system adheres to vital national and 

international standards for harmonics, like IEEE 519 and IEC 61000-3-2. 

5. Optimised system performance: Improves overall system efficiency and stability by 

addressing harmonic-induced power losses and voltage fluctuations. 

 

Applications of Harmonics Analysis 

1. Industrial facilities: Protecting sensitive equipment and ensuring reliable power supply 

for manufacturing processes. 

2. Commercial buildings: Minimising disruption to critical electronics and ensuring safety 

in office settings. 
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3. Healthcare facilities: safeguarding life-saving equipment and maintaining a safe 

environment for patients. 

4. Renewable energy integration: Addressing potential harmonic challenges associated 

with solar, wind, and other renewable energy sources. 

5. Power utilities: Utilities need to ensure the quality of power delivered to their customers 

and may utilise these services to monitor and manage harmonics throughout their 

distribution networks. 

 

Harmonics Analysis Methodology 

1. Data gathering and system modelling: Collect data about your system components, 

operating conditions, and harmonic loads. 

2. Harmonic analysis and measurement: Utilise advanced software and sophisticated 

equipment to quantify harmonic levels and identify contributing sources. 

3. Impact assessment: Analyse the potential impact of harmonics on your equipment, 

power quality, and overall system performance. 

4. Mitigation strategy development: Recommend comprehensive solutions to address 

identified harmonic issues, including filtering, equipment upgrades, and operational 

adjustments. 

5. Detailed report and ongoing support: Deliver a comprehensive report outlining 

findings, recommendations, and remain readily available for ongoing support and 

implementation guidance. 

 

Harmonics Analysis Deliverables 

1. Comprehensive Harmonics Analysis Report: Including detailed data analysis, graphical 

representations, impact assessment, and mitigation recommendations. 

2. Optimised filtering solutions: Identifying appropriate filters and their placement within 

your system to effectively suppress harmonics. 

3. Clear cost-benefit analysis: Quantifying the financial benefits of implementing our 

recommendations for harmonic mitigation. 

 

2.12. Grid Islanding Study  

Grid Islanding is the controlled separation of a portion of the power distribution network to 

create a self-sustaining “island” that can continue to operate independently. Grid Islanding 

Study involves analysing the network’s characteristics, load distribution, and protective 

devices to identify areas suitable for islanding. This study ensures that critical facilities can 

continue to receive power during grid outages or disturbances. 

 

Benefits of Grid Islanding Study 

1. Enhanced system resilience: Mitigates the impact of grid disturbances, minimising 

blackout risks and protecting critical operations. 

2. Improved power quality: Maintains stable voltage and frequency within the islanded 

portion, safeguarding sensitive equipment. 

3. Reduced recovery time: Facilitates faster restoration of power compared to waiting for 

complete grid recovery. 

4. Cost savings: Minimises losses incurred from extended outages and equips damage. 

5. Compliance with regulations: Ensures adherence to relevant standards for grid 

protection and islanding operation. 

 

Applications of Grid Islanding Study 

1. Industrial facilities: Protecting vital manufacturing processes from grid disturbances. 
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2. Data centres and critical infrastructure: Maintaining uninterrupted operation for 

essential services. 

3. Remote communities: Ensuring reliable power supply in areas with vulnerable grid 

connections. 

4. Renewable energy integration: Optimising islanding strategies for microgrids and 

distributed generation systems. 

 

Standard Code Reference for Grid Islanding Study 

1. IEEE 1547/1547.1: These standards establish minimum performance requirements and 

interconnection testing procedures for distributed energy resources (DERs) with 

electric power systems, including islanding prevention and detection features. 

2. NERC Reliability Standards: Various NERC standards address grid protection and 

islanding operations, such as PRC-004 (Protection Systems and Devices) and CIP-007 

(Cybersecurity of Bulk Electric Systems). 

3. Regional Grid Codes: Specific regulatory bodies around the world may have 

supplementary grid codes with islanding requirements, tailoring best practices to local 

needs and grid characteristics. 

 

Grid Islanding Study Methodology 

1. Data gathering and system modelling: Collect data about your system components, 

operating conditions, and potential islanding scenarios. 

2. Islanding feasibility assessment: Analyse your system’s ability to operate 

autonomously, considering generation capacity, load balance, and protection systems. 

3. Islanding scheme design and optimisation: Recommend the optimal configurations for 

islanding operation, including protection settings, control strategies, and reconnection 

protocols. 

4. Detailed report and ongoing support: Deliver a comprehensive report outlining 

findings, recommendations, and remain readily available for ongoing support and 

implementation guidance. 

 

Grid Islanding Study Deliverables 

1. Comprehensive Grid Islanding Study Report: Including detailed analysis, system 

modelling results, islanding scheme design recommendations, and cost-benefit 

assessment. 

2. Optimised islanding protection settings: Recommendations for configuring protective 

devices to ensure safe and reliable islanding operation. 

3. Clear implementation roadmap: A step-by-step guide for designing, testing, and 

commissioning your islanding scheme. 

 

2.13. Motor Acceleration Study 

Motor Acceleration Study involves an analysis of the start-up process for motors, assessing the 

time, voltage, current, and mechanical factors during acceleration. By simulating and analysing 

these factors, the study identifies potential issues, recommends suitable acceleration methods, 

and ensures motors reach their operational speeds reliably and efficiently. 

 

Benefits of Motor Acceleration Study 

1. Enhanced equipment lifespan: Minimises stress on motor components, extending their 

lifespan and reducing maintenance costs. 

2. Improved power quality: Maintains stable voltage and protects sensitive equipment 

from surges and dips during motor startup. 
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3. Optimises system performance: Reduces startup time, minimises energy 

consumption, and ensures smooth integration with other system components. 

4. Ensures safety and compliance: Guarantees adherence to vital motor starting standards 

like IEEE C39 and NERC Reliability Standards. 

5. Provides actionable insights: Empowers you to choose the right starting 

equipment, configure protection settings, and optimise operating procedures. 

 

Applications of Motor Acceleration Study 

1. Industrial facilities: Optimising startup for pumps, compressors, and other critical 

motors. 

2. Commercial buildings: Ensuring smooth starts for HVAC systems, elevators, and other 

large motors. 

3. Renewable energy integration: Analysing the impact of variable speed drives and 

renewable energy sources on motor starting behaviour. 

4. Power system planning and upgrades: Evaluating the impact of motor starting on grid 

stability and planning for future system expansion. 

 

Standard Codes for Motor Acceleration Study 

1. IEEE 399-1997 – IEEE Recommended Practice for Industrial and Commercial Power 

Systems Analysis: Provides general guidance on analysing power systems, including 

motor starting considerations. 

2. IEEE 3002.7 – 2018 Recommended Practice for Conducting Motor-Starting Studies 

and Analysis of Industrial and Commercial Power System: Focuses specifically on 

motor starting studies, offering detailed methods and best practices. 

3. IEC 60034 – Rotating Electrical Machines: International standard covering 

performance and testing requirements for rotating electrical machines, including 

motors. Reference can be made to specific sections for motor starting characteristics. 

4. NEMA – National Electric Manufacturers Association: Provides standards and 

guidelines for electrical equipment, including motors and motor starting equipment. 

Specific NEMA standards may apply depending on the motor type and application. 

 

Motor Acceleration Study Methodology 

1. Data gathering and system modelling: Collect data about your motor, network 

configuration, and operating conditions. 

2. Motor starting analysis and simulation: Utilise advanced software to simulate the 

motor’s startup behaviour under various scenarios. 

3. Impact assessment: Analyse the potential impact of motor startup on voltage, current, 

and mechanical stresses within your system. 

4. Mitigation strategy development: Recommend comprehensive solutions to address 

potential issues, including selecting appropriate starting equipment, adjusting starting 

parameters, and configuring protection settings. 

5. Detailed report and ongoing support: Deliver a comprehensive report outlining 

findings, recommendations, and remain readily available for ongoing support and 

implementation guidance. 

 

Motor Acceleration Study Deliverables 

1. Detailed Motor Acceleration Study Report: Including comprehensive analysis of motor 

starting behaviour, impact assessment, mitigation recommendations, and cost-benefit 

analysis. 

tel:399-1997
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2. Optimised motor starting parameters: Recommendations for configuring voltage, 

current, and timing settings for safe and efficient startup. 

3. Clear equipment selection guidance: Identifying the optimal starting equipment for 

your specific application and system needs. 

 

2.14. Lightning Protection System Design 

Lightning protection system design involves analysing site-specific risk and building 

configurations to strategically place air terminals, down conductors, and grounding systems. 

These precisely positioned elements work together to intercept potentially destructive lightning 

strikes, safely channeling the surge through dedicated pathways and dissipating it harmlessly 

into the earth. This meticulous planning mitigates risk to life and property, safeguarding critical 

infrastructure and ensuring operational continuity even in the face of nature’s electrical fury. 

 

Benefits of efficient Lightning Protection System Design 

1. Protects lives and property: Minimises the risk of injury or death from lightning strikes, 

safeguarding occupants and valuable assets. 

2. Preserves critical infrastructure: Prevents damage to electrical systems, equipment, and 

sensitive electronics, ensuring operational continuity. 

3. Reduces fire risk: Lightning strikes can ignite fires, but proper protection minimises 

this danger, offering enhanced peace of mind. 

4. Compliance with regulations: Ensures your system meets all relevant local and 

international standards for lightning protection. 

5. Lower insurance premiums: Demonstrating proactive lightning safety measures often 

leads to reduced insurance costs. 

 

Applications of Lightning Protection System Design 

1. Commercial buildings: Offices, retail spaces, hotels, and other commercial facilities. 

2. Industrial facilities: Factories, power plants, and other critical infrastructure. 

3. Telecommunication towers and facilities: Protecting vital communication networks 

from disruption. 

4. Historical and cultural buildings: Safeguarding irreplaceable structures from damaging 

strikes. 

5. Residential buildings: Providing peace of mind and protecting families from harm. 

 

Lightning Protection System Design Methodology 

1. Initial consultation: Understanding your specific needs and concerns through close 

collaboration. 

2. Site survey and risk assessment: Evaluating your location’s lightning risk and building 

characteristics. 

3. System design and selection: Choosing the optimal combination of air terminals, down 

conductors, and grounding systems. 

4. Detailed schematics and drawings: Providing clear blueprints for system installation. 

5. Project management and oversight: Ensuring smooth installation and compliance with 

design specifications. 

 

Lightning Protection System Design Deliverables 

1. Comprehensive lightning protection system design documents: Including schematics, 

equipment specifications, and installation guidelines. 

2. Risk assessment report: Highlighting your location’s lightning risk and mitigation 

strategies. 
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3. Cost estimates and timelines: Providing transparency and ensuring project feasibility. 

4. Ongoing support and maintenance: We stand by your system, offering expert advice 

and support throughout its lifespan. 

 

2.15. Substation Earthing Design 

Substation earthing design focuses on creating a low-impedance path for fault currents to safely 

dissipate back into the earth without harming equipment or personnel. This involves 

strategically placing and interconnecting conductive elements – like grids, rods, and conductors 

– throughout the substation, forming a robust network that effectively channels away stray 

currents during electrical faults. Ultimately, meticulous earthing design safeguards critical 

substation equipment, ensures operational continuity, and minimises electrical hazards, 

forming the very foundation for reliable and safe power distribution. 

 

Substation Earthing Design Process Includes: 

1. Designing the earthing system 

2. Selecting materials for the grounding electrode 

3. Planning how the grounding electrode will be installed and connected to the substation's 

ground busbar 

4. Substation Earthing Design is a process that involves designing, installing and 

maintaining an earthing system that protects the personnel and equipment located inside 

the substation. The system also protects people who live nearby or visit the area. 

 

Applications of Substation Earthing Design 

Substation Earthing Design is used in a wide range of applications including industrial 

facilities, power plants and wind farms. Substation Earthing Design helps to prevent electrical 

accidents by ensuring that all areas are safe for people to work in. This also ensures that any 

damage caused by lightning strikes or other weather-related events will not cause any harm to 

anyone working within the facility. 

 

Our Substation Earthing Design Services Includes 

1. Substation Earthing Design 

2. Substation Protection Design 

3. Protection System Modelling and Simulation 

4. Protection Relay Selection 

5. Protection Relay Testing and Commissioning 

6. Review of existing earthing systems 

 

Substation Earthing Design Standards Applicable 

1. IEEE 80:2000(IEEE Guide for A.C Substation Grounding) 

2. IEEE 81:2012 (IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and 

Earth Surface Potentials of a Grounding System) 

3. IEEE 142:2007 (IEEE Recommended Practice for Grounding of Industrial and 

Commercial Power Systems) 

4. IEEE665:1995 (IEEE Guide for Generating Station Grounding) 

5. BS 7430:2011 (Code of practice for protective Earthing of electrical installations) 

6. CBIP Manual on AC System Grounding (Publication Number 311). 

7. IS 3043:2006 (Code of Practice for Earthing) 

8. BS-EN: 62305(Protection against Lightning). 

9. NFPA 780(Standards for the Installation of Lightning Protection Systems). 



-DEMHA- 

Troubleshooting Guide                                                                                 Demha Consulting (T) Ltd                                           

26 

10. BS EN 61000: Electromagnetic compatibility (EMC). Testing and measurement 

techniques. Electrical fast transient/burst immunity test 

11. IEEE 1100: Recommended Practice for Powering and Grounding Electronic 

Equipment 

12. API RP2003: Protection against Ignitions Arising out of Static, Lightning and Stray 

Currents 

13. API RP545 Recommended Practice for Lightning Protection of Aboveground Storage 

Tanks for Flammable or Combustible Liquids 

14. API/EI 545-A Verification of Lightning Protection Requirements for Aboveground 

Hydrocarbon Storage Tanks 

 

2.16. Electrical Testing & Commissioning 

Electrical testing is used to ensure that the complete system is operating properly and safely. 

This process allows for early identification of any problems that may arise during the course 

of construction or operation. Electrical testing also helps ensure that the system will meet its 

intended specifications. 

 

A brief overview of electrical testing and commissioning set of functions is as below: 

1. Testing and commissioning related to relays, LV/MV/HV Panels, Switchyard 

Equipment, etc. 

2. Maintenance for all Indoor & Outdoor Sub-stations including Relays, Panels, Circuit 

Breakers, other Switchyard Equipment’s, etc. 

3. Retrofitting and repairing. 

4. Consultancy related to Relay Co-ordination & System Studies, Switchyard Design and 

Engineering, Tender Engineering, etc. 

5. Training Programs on Relaying & Protection Engineering. 

 

Key Takeaway  

The Key Single Line Diagram should contain at least the following information,  

a) Switchboards and motor control centres: Bus-section numbers, line voltages, number 

of phases, number of wires, frequency, busbar continuous current rating, identification 

of main incoming, bus-section, outgoing and interconnecting circuit breakers, including 

spare and unequipped cubicles, cable tag numbers of the principle cables.  

b) Generators: Nominal ratings in MVA or KVA and power factor, D-axis synchronous 

reactance in per-unit, D-axis transient reactance in per-unit, D-axis sub-transient 

reactance per-unit, neutral earthing arrangements with a neutral earthing resistance, 

with a common busbar, switches or circuit breakers for isolation, current and time rating 

of NER if used, and the voltage ratio of the earthing transformer if used. 

c) Transformer feeders: Names and tag numbers, Nominal ratings in MVA or KVA, 

Leakage impedance in per-unit, Symbolic winding arrangement of the primary and 

secondary, Line voltage ratio. 

d) High voltage and large low voltage motors: Names and tag numbers, nominal ratings 

in kW.  

 

• Process engineers advise relating to the production processes and supporting utilities.  

• Mechanical engineers advise on power consumption data for rotating machines. 

• Instrument engineers develop interlocking and controls, cable requirements etc. 

• Communication and safety engineers advise on power supply requirements.  

• Facilities and operations engineers advise on subjects such as equipment layout.  
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3.0. Advanced Engineering 

 
3.1. Reverse Engineering Services 

Reverse engineering is the process of taking a product, whether it’s a physical object or an 

algorithm, and analysing it to understand its internal structure and how it was made. This can 

include looking at the actual hardware used to make the product, or it can mean looking at other 

information like schematics or blueprints. 

Reverse engineering is often used in the design of products but can also be used to create new 

designs for products that already exist or have been created by other companies. 

 

Reverse engineering services can help you with all kinds of things, including: 

1. The process of creating something new from scratch 

2. Deconstructing a piece of product so you can understand how it works 

3. An inspection of all aspects of your home or business—including insulation, 

appliances, lighting fixtures, windows, doors and more—to determine what needs 

improvement 

4. Recommendations from an expert on how best to increase efficiency and save money 

on utility bills 

5. Chemical oxygen demand (COD) (how much oxygen it takes to oxidate organic matter 

in the water). 

 

3.2. Asset Condition Monitoring  

Asset condition monitoring is the process of monitoring and analysing assets to determine their 

health, predict potential failures, and whether they are performing in accordance with the 

standards. This can be done through the sensors tracking vibration, temperature, pressure, or 

other key indicators, which record data about the condition of an asset, or through periodic 

surveys, which measure a variety of data points that indicate whether or not an asset is in good 

shape. By identifying early warning signs of trouble, you can: 

1. Prevent costly breakdowns and unexpected downtime. 

2. Optimise maintenance schedules and resource allocation. 

3. Extend the lifespan of your assets. 

4. Improve safety and environmental compliance. 

 

ACM Can Be Used for a Variety of Purposes, Including: 

1. Monitoring equipment that could affect safety or the ability to perform tasks. 

2. Monitoring buildings to identify problems before they become costly headaches. 

3. Monitoring facilities for environmental issues like air quality or water quality. 

 

Reasons Why Asset Condition Monitoring is Crucial: 

Investing in Asset Condition Monitoring (ACM) is not just about preventing failures; it’s about 

safeguarding your future and enhancing operational excellence. Here’s why: 

1. Predict and Prevent Costly Breakdowns ACM empowers you to identify early warning 

signs, saving you from costly downtime, repair expenses, and lost revenue. 

2. Data-Driven Decision Making: ACM provides real-time insights into your asset health, 

enabling informed decisions about equipment upgrades, resource allocation, and future 

investments. 

3. Optimise Maintenance Efficiency: ACM allows you to prioritise maintenance needs 

based on actual data, preventing unnecessary repairs and optimising resource 

utilisation. 
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4. Ensure Long-Term Reliability: ACM acts as an early warning system for the overall 

health of your assets. Proactive maintenance extends equipment lifespans, minimises 

environmental impact, and safeguards employee safety. 

5. Make Informed Replacement Decisions: ACM empowers you to identify 

underperforming assets and make strategic decisions about repair versus replacement, 

maximising your return on investment. 

 

Our Asset Condition Monitoring Service Includes: 

1. Asset condition inspection 

2. Asset condition analysis 

3. Asset condition repair or replacement 

4. Asset management and maintenance 

 

3.3. Computational Fluid Dynamics (CFD) Analysis 

Computational Fluid Dynamics (CFD) analysis leverages computer simulations to 

mathematically predict the behaviour of fluids flowing around or within objects. This advanced 

engineering tool analyses fluid properties like velocity, pressure, and temperature, providing 

detailed insights into flow patterns, turbulence, and potential fluid-structure interactions. 

 

Benefits of Computational Fluid Dynamics Analysis 

1. Predict and optimise: Identify potential flow-induced problems early, refine designs 

virtually, and achieve optimal performance before physical testing. 

2. Boost efficiency: Minimise energy consumption, streamline processes, and maximise 

flow performance across your systems. 

3. Uncover hidden insights: Gain detailed understanding of fluid behaviour, pressure 

distribution, and heat transfer, unlocking valuable design considerations. 

4. Enhanced safety: Predict and mitigate risks like cavitation, vibration, and structural 

fatigue, ensuring safe and reliable operations. 

 

Types of CFD Analysis: 

1. Internal Flow: Analyse fluid behaviour within pipes, ducts, turbines, and other internal 

geometries. 

2. External Flow: Understand fluid interaction with objects like aircraft wings, vehicle 

bodies, and architectural structures. 

3. Multiphase Flow: Simulate complex interactions between multiple fluids, such as 

liquid-gas mixtures or oil-water flows. 

4. Heat Transfer Analysis: Predict heat exchange between fluids and solid 

surfaces, optimising thermal management in your systems. 

 

Our Methodology 

We collaborate closely with you to understand your specific needs and challenges. Our 

experienced engineers then: 

1. Develop a detailed CFD model: Accurately representing your geometry, fluids, and 

boundary conditions. 

2. Mesh the model: Discretising the geometry into small elements for numerical analysis. 

3. Select appropriate turbulence models: Accurately capturing complex fluid behaviour. 

4. Run the simulation: Solving the governing equations of fluid dynamics using powerful 

computing resources. 

5. Analyse the results: Extracting and interpreting key data to provide actionable insights. 
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Our Deliverables 

1. Interactive animations: Allowing you to visualise and explore the simulated flow fields 

in real-time. 

2. Customisable dashboards: Providing key performance indicators areal-time monitoring 

of critical flow parameters. 

3. Comprehensive CFD reports: Including detailed visualisations, data analysis, and 

recommendations for design optimisation or process improvement. 

 

3.4. Drone Inspection 

Drone Inspection utilizes unmanned aerial vehicles (UAVs) equipped with advanced sensors 

and imaging technology to capture detailed data from previously inaccessible or hazardous 

areas. Imagine scaling wind turbine blades, surveying vast solar farms, or mapping intricate 

pipelines – all without putting personnel at risk or relying on cumbersome scaffolding. 

 

Benefits of Drone Inspection 

1. Enhanced Safety: Eliminate the need for manned personnel in dangerous or hard-to-

reach areas, minimising risk and ensuring worker safety. 

2. Unmatched Efficiency: Cover large areas quickly and precisely, reducing inspection 

times and maximising operational uptime. 

3. Superior Data Quality: Capture high-resolution imagery and data from unique vantage 

points, revealing previously missed defects and optimising analysis. 

4. Cost-Effectiveness: Minimise logistical costs compared to traditional inspection 

methods, reducing downtime and optimising project budgets. 

5. Sustainable Solutions: Lower carbon footprint compared to conventional 

methods, promoting environmental responsibility. 

 

Applications of Drone Inspection 

1. Solar Farm Inspection (Visual/Thermal): Identify panel defects, optimise cleaning 

schedules, and ensure plant efficiency. 

2. Cross Country Pipeline Inspection (Visual/Thermal): Detect leaks, corrosion, and 

vegetation encroachment efficiently. 

3. Oil and Gas Plant Inspection (Visual/Thermal): Assess flare stack integrity, identify 

leaks, and ensure operational safety. 

4. Wind Turbine Inspection (Visual/Thermal): Visualise blade damage, corrosion, and 

internal component integrity. 

5. High-Rise Building Inspection (Visual/Thermal): Conduct facade assessments, identify 

cracks, and monitor structural integrity. 

 

Our Methodology 

1. Collaboration: We understand your specific needs and develop a tailored inspection 

plan. 

2. Pre-flight Assessment: Risk assessment, airspace approval, and equipment selection 

ensure a safe and efficient operation. 

3. Data Acquisition: Experienced pilots capture high-resolution imagery and data using 

advanced sensors. 

4. Post-flight Processing: We analyse the data, generate detailed reports, and provide 

actionable insights. 

5. Ongoing Support: We remain available for consultation and interpretation of inspection 

results. 
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4.0. Advanced Non-Destructive Testing (NDT) 

 
4.1. Ultrasonic Testing (UT) Services 

Ultrasonic Testing relies on high-frequency sound waves to uncover internal flaws in materials. 

By emitting ultrasonic waves into a material, the technology detects reflections caused by 

defects, allowing for precise flaw location and characterisation. These waves reflect off internal 

discontinuities like cracks, voids, and corrosion, producing data analysed to pinpoint their 

location and size. Imagine shining a sound flashlight through an object, revealing hidden flaws 

invisible to the naked eye. This versatile technique provides precise insights into material 

integrity, ensuring the safety and reliability of critical assets across diverse industries. 

 

Ultrasonic Scan Techniques 

Ultrasonic testing has different techniques like A-scan, B-scan & C-scan to examine different 

specimens. Each of these Ultrasonic scans serves distinct purposes, collectively contributing to 

a comprehensive inspection process and empowering professionals with valuable data for 

informed decision-making in various industries. 

 

Ultrasonic Testing Methods 

Two primary methods employed within Ultrasonic Testing are Straight Beam Testing and 

Angle Beam Testing, each designed to address specific inspection needs with precision and 

efficiency. 

 

 

1. Straight Beam Testing 

Straight Beam Testing is a fundamental Ultrasonic Testing method employed to assess 

materials for internal defects. In this technique, ultrasonic waves are directed straight into the 

material at a perpendicular angle, allowing for the detection of flaws such as cracks, voids, or 

laminations. The reflected waves are then analysed to determine the depth, size, and nature of 

any detected anomalies. 

Straight Beam Testing is particularly effective for inspecting welds, forgings, and other 

components where a direct and perpendicular approach is feasible. This method is vital for 
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assessing the structural integrity of critical assets, ensuring that flaws are identified with 

precision. 

2. Angle Beam Testing 

Angle Beam Testing is a specialised Ultrasonic Testing technique designed for the examination 

of materials at oblique angles. By introducing ultrasonic waves into the material at an angle, 

typically 45 or 60 degrees, this method is adept at detecting flaws that might be missed by 

straight beam testing. 

Angle Beam Testing is commonly used to inspect welds for defects such as lack of fusion or 

cracks perpendicular to the beam direction. It offers versatility in assessing complex geometries 

and is particularly valuable for applications where access is restricted. 

 

Benefits of Ultrasonic Testing 

1. Non-Destructive Assurance: Safeguards assets without causing damage. 

2. Unmatched Precision: Identifies even tiny defects with accuracy. 

3. Versatile Application: Works across metals, plastics, and composites. 

4. Cost-Effective Prevention: Averts breakdowns, extends asset lifespan. 

5. Time-Efficient Inspections: Swift and thorough assessments. 

 

Applications of Ultrasonic Testing 

1. Pipeline integrity: Detect cracks, corrosion, and wall thinning in pipelines. 

2. Pressure vessel inspection: Ensure the safety and reliability of pressure vessels. 

3. Weld inspection: Assess weld quality and identify potential defects. 

4. Material characterisation: Measure thickness, grain size, and other material properties. 

5. Aircraft and aerospace components: Inspect critical components for fatigue cracks and 

other flaws. 

 

Ultrasonic Testing Standard Codes 

Our Ultrasonic flaw detection services adhere to a rigorous set of industry standards to ensure 

the highest quality and reliability. We follow internationally recognised standards such as ISO 

17640, ASTM E114, which provides guidelines for the ultrasonic examination of welds. 

Additionally, our practices align with the ASME Section V Boiler and Pressure Vessel Code, 

ensuring compliance with stringent regulations in the field. Our commitment to excellence 

extends to local standards as well, with adherence to IS 3664. By incorporating these standards 

and more into our Ultrasonic flaw detection processes, we guarantee the accuracy, consistency, 

and compliance of our services with industry best practices. Standard includes: 

1. ASTM E797: Defines the standard practice for measuring material thickness using UT. 

2. ASTM E114: Outlines the standard practice for straight beam contact UT testing, 

commonly used for general defect detection. 

3. ASTM E164: Provides standards for contact UT of welds, ensuring proper assessment 

of weld integrity. 

4. ASTM E317: Establishes the standard practice for evaluating the performance 

characteristics of UT instruments and systems, guaranteeing the accuracy and reliability 

of the data acquired. 

5. ASME Section V Article 4: Specifies the requirements for ultrasonic examination in 

boiler and pressure vessel applications, ensuring compliance with safety regulations. 

6. ISO 17640: Provides international guidelines for UT of welds, outlining various 

techniques, testing levels, and assessment criteria. 
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Fig. 4.1. Applications of UT 

 

Ultrasonic Testing Methodology 

1. Planning and preparation: Identifying inspection points, selecting appropriate UT 

techniques, and ensuring safety protocols. 

2. Data acquisition: Skilled technicians utilise UT probes to send and receive sound 

waves, capturing data on internal anomalies. 

3. Data analysis: Experienced engineers interpret the acquired data, identifying and sizing 

defects. 

4. Reporting and recommendations: Comprehensive reports detail findings, potential 

risks, and recommendations for further action or repair. 

 

Ultrasonic Testing Deliverables 

1. Detailed Reports: Comprehensive documentation of Ultrasonic Testing findings, 

including flaw sizes, locations, and overall structural analysis. 

2. 2D/3D Visualisation: Clear and visually intuitive representations of internal geometry, 

aiding in a better understanding of structural integrity. 

3. Recommendations for Improvement: Actionable insights and suggestions to enhance 

infrastructure service life, based on the identified flaws and structural assessments. 

 
4.2. Magnetic Particle Testing (MPT) Services 

Magnetic Particle Testing (MPT) stands out as a widely embraced and cost-effective non-

destructive examination (NDE) technique for ferromagnetic materials. Ferromagnetic 

materials are those that can be magnetised or strongly attracted by a magnetic field. MPT is 

adept at scrutinising surface discontinuities and, to some extent, can unveil subsurface 

irregularities. The method is particularly effective in detecting flaws situated just below the 

surface, although its sensitivity diminishes as depth increases. 

 

Magnetic Particle Testing (MPT) Techniques 

Magnetic Particle Testing (MPT) encompasses various techniques, each tailored to specific 

applications and material conditions. Understanding these diverse methods enhances the 

flexibility and effectiveness of flaw detection in ferromagnetic materials. This table provides a 

concise comparison of various Magnetic Particle Testing (MPT) techniques, highlighting their 

distinct characteristics, applications, and advantages. 
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Benefits of Magnetic Particle Testing 

Magnetic Particle Testing (MPT) have several advantages over alternative non destructive 

testing (NDT) techniques such as visual inspection and dye penetration testing. Unlike visual 

inspection, MPT has the capability to reveal not only surface irregularities but also subsurface 

and internal defects, providing a more comprehensive assessment of material integrity. This 

makes MPT particularly valuable in applications where hidden flaws may compromise 

structural reliability. Moreover, MPT is specifically designed for ferromagnetic materials, 

expanding its versatility to a wide range of components. The automation potential of MPT 

streamlines the inspection process, enhancing efficiency and precision compared to the manual 

application often associated with dye penetration testing. 

Furthermore, MPT offers the benefit of providing both qualitative and quantitative data, 

supplying a more detailed and comprehensive evaluation of the inspected material. In terms of 

safety and environmental impact, MPT is advantageous as it is non-hazardous, ensuring the 

well-being of inspectors and minimising potential harm to the surrounding environment—

further solidifying its position as a superior NDT method. 

 

Applications of Magnetic Particle Testing 

1. Weld inspection: Assess weld quality and identify potential defects. 

2. Castings and forgings inspection: Detect cracks, porosity, and shrinkage cavities. 

3. Storage tank inspection: Identify surface cracks and corrosion in tank walls. 

4. Machinery and equipment inspection: Ensure surface integrity of critical components. 

5. Aircraft and aerospace components: Inspect landing gear and engine parts for surface 

flaws. 

Fig. 4.2. Applications of MPT 
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Magnetic Particle Testing Standard Code 

In the case of specific needs, such as inspecting aerospace applications, the ASTM 

E1444/E1444M-22a standard is employed to conduct magnetic particle testing on 

ferromagnetic materials utilising the wet fluorescent method. Standards Includes: 

1. ASTM E1444: Outlines the standard practice for MPT, covering 

equipment, procedures, and personnel qualifications. 

2. ISO 9934: Provides international guidelines for MPT, ensuring consistent quality and 

global acceptance of inspection results. 

3. ASME Section V Article 7: Specifies requirements for MPT in boiler and pressure 

vessel applications, upholding safety standards in these critical industries. 

4. EN 1290: European standard for MPT, ensuring compliance with European regulations 

and quality expectations. 

 

MPT Methodology includes: 

1. Surface preparation: Cleaning and demagnetising the inspection area for optimal 

particle attraction. 

2. Magnetisation: Applying a strong magnetic field to the material using electromagnets 

or permanent magnets. 

3. Particle application: Dry or wet particles are applied to the magnetised surface. 

4. Defect identification: Particles accumulate around surface discontinuities, visible to the 

naked eye or under UV light. 

5. Evaluation and reporting: Experienced technicians analyse the particle patterns and 

document findings in a detailed report. 

 

Magnetic Particle Testing Services Deliverables 

1. Comprehensive inspection reports: Including images, diagrams, and data analysis for 

informed decision-making. 

2. 3D visualisations: (for specific MPT techniques) Providing enhanced clarity of surface 

defects. 

3. Recommendations for further action: Tailored advice on repairs, maintenance, or life 

extension strategies. 

 
4.3. MFL Tank Floor Corrosion Mapping Services 

MFL Tank Floor Corrosion Mapping leverages Magnetic Flux Leakage (MFL) technology to 

non-destructively map and quantify hidden corrosion beneath tank floor insulation. Powerful 

magnets induce a field within the tank, and any localised corrosion disrupts this field, 

generating “leakage” detectable by sensors. By analysing these disruptions, detailed maps 

pinpointing the location, extent, and severity of underlying corrosion, are created to make 

informed decisions regarding tank integrity, maintenance, and future investment. 

 

Benefits of MFL Tank Floor Corrosion Mapping 

1. Identify potential leaks early: Prevent catastrophic failures and environmental incidents 

by proactively detecting under-insulation corrosion. 

2. Optimise tank life and maintenance: Plan informed maintenance interventions and 

extend tank lifespan by understanding true corrosion severity. 

3. Minimise downtime and costs: Avoid unnecessary tank floor removal and repairs by 

accurately targeting areas requiring attention. 

4. Enhance safety and compliance: Ensure tank operational integrity and compliance with 

regulatory standards by addressing hidden corrosion risks. 
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5. Improved planning and cost control: Make informed decisions regarding tank floor 

repairs, replacements, and future investments. 

 

Applications of MFL Tank Floor Corrosion Mapping 

1. Aboveground storage tanks (ASTs): Inspecting floors of tanks storing oil, chemicals, 

and other liquids. 

2. Underground storage tanks (USTs): Assessing floor integrity of tanks holding fuels, 

lubricants, and hazardous materials. 

3. Biofuel storage tanks: Identifying and tracking corrosion in tanks storing biofuels like 

ethanol and biodiesel. 

4. Wastewater treatment tanks: Ensuring structural integrity and preventing leaks in 

critical wastewater storage facilities. 

 

MFL Tank Floor Corrosion Mapping Standard Codes 

1. API 653 (American Petroleum Institute): Provides comprehensive guidelines for tank 

inspection, repair, and alterations, including specific requirements and best practices 

for utilizing MFL technology. 

2. EEMUA 159 (Engineering Equipment and Materials Users Association): Offers 

detailed guidance specifically for aboveground flat-bottomed storage tanks, aligning 

perfectly with our MFL service and outlining best practices for 

inspection, maintenance, and repair in this context. 

 

Methodology 

1. Pre-inspection planning: Reviewing tank history, identifying specific areas of interest, 

and selecting appropriate scanning parameters. 

2. MFL scan data acquisition: Our technicians navigate the tank floor with specialised 

scanners, acquiring data on magnetic flux variations. 

3. Data analysis and visualisation: Experienced engineers analyse the collected data, 

generating detailed corrosion maps and quantifying corrosion severity. 

4. Detailed reporting and recommendations: We provide comprehensive reports with 

visualisation, analysis, and tailored recommendations for further action or repair. 

 

Deliverables 

1. High-resolution corrosion maps: Identifying affected areas, corrosion depth, and 

potential leak risks. 

2. 3D visualisations: (for specific MFL techniques) Providing enhanced clarity of 

corrosion distribution under the tank floor. 

3. Detailed inspection reports: Including data analysis, risk assessment, and actionable 

recommendations for repair or maintenance. 

 

4.4. Phased Array Ultrasonic Testing (PAUT) Services 

Phased Array Ultrasonic Testing (PAUT) employs an advanced probe with multiple 

piezoelectric elements to electronically control the direction and focus of sound waves within 

materials. Imagine an array of microscopic flashlights shining sound energy deep into 

structures, revealing internal cracks, voids, and other discontinuities with exceptional 

precision. Unlike traditional UT, PAUT can navigate complex geometries and hidden areas, 

providing unparalleled insights into the hidden depths of your critical assets. This powerful 

NDT technique guarantees thorough inspections and reliable data, empowering informed 

decision-making for asset integrity and operational continuity. 
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Benefits of Phased Array Ultrasonic Testing (PAUT) 

1. Superior defect detection: Identifies cracks, voids, and other anomalies with 

exceptional accuracy and detail, even in challenging geometries. 

2. Faster inspections: Covers large areas quickly and efficiently compared to traditional 

UT methods. 

3. Reduced inspection costs: Minimises the need for multiple UT techniques, streamlining 

the inspection process. 

4. Improved weld integrity assessment: Provides in-depth analysis of weld quality, 

maximising weld reliability and safety. 

5. Comprehensive data visualisation: 3D visualisations offer intuitive understanding of 

internal flaws and their location. 

 

Applications of Phased Array Ultrasonic Testing (PAUT) 

1. Pressure vessel inspection: Ensuring the integrity of critical vessels in power plants and 

refineries. 

2. Pipeline inspection: Detecting internal corrosion and cracking in pipelines transporting 

oil, gas, and other fluids. 

3. Weld inspection: Assessing the quality and integrity of welds in various structures, 

including bridges, offshore platforms, and aircraft components. 

4. Casting and forging inspection: Identifying internal defects in critical cast and forged 

components. 

5. Corrosion mapping: Detecting and mapping internal corrosion in various materials and 

structures. 

 

Phased Array Ultrasonic Testing (PAUT) Standard Codes 

1. ASME Section V, Article 4: Provides comprehensive guidelines for ultrasonic 

examination in pressure vessels and boilers, outlining specific procedures and 

acceptance criteria for PAUT applications. 

2. ISO 13588: Establishes general principles for ultrasonic testing, ensuring our PAUT 

inspections follow best practices and standardised methodologies. 

3. ASTM E2491: Guides the evaluation of performance characteristics for PAUT 

instruments and systems, guaranteeing the accuracy and reliability of the data we 

acquire. 

4. API 579-1/ASME FFS-1: Offers vital guidance on Fitness-for-Service 

assessments, enabling us to utilise PAUT to evaluate potential threats like Hydrogen 

Induced Cracking (HIC) and inform informed repair or replacement decisions. 

5. API 5L: Specifies requirements for line pipe inspections, ensuring safe and reliable 

pipeline integrity assessments through PAUT technology. 

 

Phased Array Ultrasonic Testing (PAUT) Methodology 

1. Planning and preparation: Identifying inspection points, selecting appropriate scan 

configurations, and ensuring safety protocols. 

2. Data acquisition: Skilled technicians utilise PAUT probes to send and receive sound 

waves, capturing data on internal discontinuities. 

3. Data analysis and visualisation: Experienced engineers analyse the acquired data, 

generating detailed images and 3D visualisations of internal defects. 

4. Reporting and recommendations: Comprehensive reports detail findings, potential 

risks, and actionable recommendations for further evaluation or repair. 

 

Phased Array Ultrasonic Testing (PAUT) Deliverables 
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1. Detailed inspection reports: Including images, 3D visualisations, and data analysis for 

informed decision-making. 

2. Quantitative data on defect size and location: Enabling accurate risk assessment and 

informed repair strategies. 

3. Actionable recommendations: Tailored advice on repairs, maintenance, or life 

extension strategies. 

 

4.5. Long Range Ultrasonic Testing (LRUT) Services 

Long Range Ultrasonic Testing (LRUT) employs low-frequency sound waves that travel vast 

distances along pipe walls, detecting hidden internal discontinuities like corrosion, erosion, and 

cracks. Unlike traditional NDT, LRUT inspects extensive pipelines (up to 350 meters) from 

single access points, enabling proactive risk identification and safeguarding operational 

continuity without disruptive excavations. This powerful NDT technique empowers informed 

decision-making, extending pipeline life, promoting safety, and optimising maintenance 

strategies. 

 

Benefits of Long Range Ultrasonic Testing (LRUT) 

1. Inspect long pipe lengths: Covers extensive pipelines (up to 350 meters) from a single 

access point, minimising disruption and cost. 

2. Early detection of internal flaws: Identifies potential leaks, ruptures, and structural 

weaknesses before they compromise safety or operations. 

3. Reduced maintenance costs: Proactive detection minimises unexpected shutdowns and 

costly repairs, optimising maintenance schedules. 

4. Improved regulatory compliance: Ensures adherence to pipeline safety regulations by 

providing comprehensive assessments of pipe integrity. 

5. Safe and non-destructive: No need for excavation or pipe removal, preserving asset 

integrity and minimising downtime. 

 

Applications of Long Range Ultrasonic Testing (LRUT) 

1. Oil and gas pipelines: Inspecting pipelines transporting oil, gas, and other fluids for 

corrosion, cracking, and manufacturing defects. 

2. Water and wastewater pipelines: Evaluating the integrity of pipelines carrying vital 

water and wastewater resources. 

3. Offshore pipelines: Assessing the health of critical pipelines in challenging marine 

environments. 

4. Buried and inaccessible pipelines: Inspecting pipelines hidden beneath ground or 

within structures without excavation. 

5. Pipeline coatings: Verifying the integrity and effectiveness of applied pipeline coatings. 

 

Long Range Ultrasonic Testing (LRUT) Standard Codes 

1. ASME B31.8 (Gas Transmission and Distribution Piping Systems): Provides 

comprehensive guidelines for the inspection and maintenance of gas 

pipelines, including specific requirements for LRUT technology when assessing 

pipeline integrity. 

2. API 570 (Piping Inspection Code): Offers detailed standards for in-service 

inspection, rating, repair, and alteration of piping systems across various 

industries, ensuring LRUT inspections align with best practices and regulatory 

requirements. 

3. ISO 16809 (Non-destructive testing — Ultrasonic testing — Guided wave 

testing): Establishes general principles and methodologies for guided wave 
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testing, which encompasses LRUT techniques, ensuring our inspections follow 

globally recognised quality benchmarks. 

 

Long Range Ultrasonic Testing (LRUT) Methodology 

1. Planning and preparation: Identifying inspection points, selecting appropriate LRUT 

settings, and ensuring safety protocols. 

2. Data acquisition: Technicians strategically attach LRUT equipment to access points, 

sending and receiving sound waves along the pipe length. 

3. Data analysis and visualisation: Our engineers analyse the captured data, generating 

detailed reports with visualisations of internal flaws and their location. 

4. Reporting and recommendations: Comprehensive reports detail findings, risk 

assessments, and actionable recommendations for further evaluation or repair. 

 

Long Range Ultrasonic Testing (LRUT) Deliverables 

1. Detailed inspection reports: Including images, data analysis, and 3D visualisations for 

informed decision-making. 

2. Precise location and severity of internal defects: Enabling targeted and cost-effective 

repair strategies. 

3. Actionable recommendations: Tailored advice on repairs, maintenance, or life 

extension strategies. 

 

4.6. Short Range Ultrasonic Testing (SRUT) Services 

Short Range Ultrasonic Testing (SRUT) utilizes high-frequency sound waves focused on 

specific areas of materials like welds, castings, and forgings. These waves act like sonic 

microscopes, bouncing off internal cracks, voids, and inclusions to reveal their precise size, 

location, and orientation. Unlike broader NDT techniques, SRUT pinpoints even minute flaws 

with exceptional detail, empowering informed decisions about critical components and 

ensuring operational excellence through targeted inspections and accurate data analysis. 

 

Benefits of Short Range Ultrasonic Testing (SRUT) 

1. Superior defect detection: Identifies even minute cracks, voids, and inclusions with 

exceptional detail and accuracy. 

2. Targeted inspections: Focuses on specific areas of concern, minimising inspection time 

and cost compared to broader NDT techniques. 

3. Quantitative data analysis: Provides precise measurements of defect size and location, 

enabling informed repair or replacement decisions. 

4. Versatility: Applicable to various materials and geometries, including welds, castings, 

forgings, and composite structures. 

5. Safety and non-destructive: Preserves asset integrity and avoids potential damage. 

 

Applications of Short Range Ultrasonic Testing (SRUT) 

1. Weld inspection: Assessing the quality and integrity of welds in various structures, 

including bridges, pressure vessels, and aircraft components. 

2. Casting and forging inspection: Identifying internal defects in critical cast and forged 

components like gears, turbines, and valves. 

3. Corrosion mapping: Detecting and mapping corrosion within materials like pipelines, 

storage tanks, and offshore structures. 

4. Material characterisation: Understanding the material properties and potential flaws in 

various components. 
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5.0. Structural Design  

 
5.1. Structural Design Analysis 

Structural design analysis is an essential part of the process of designing a building. It involves 

examining the internal elements of a building and analysing their strengths and weaknesses. 

This can help ensure that the design will be able to support its intended function for many years, 

without causing any structural issues. Structural design analysis involves using a variety of 

tools and techniques to analyse how well your building will hold up during different types of 

weather conditions, as well as how it will perform over time. The process starts with a review 

of your building’s codes and specifications, which can help you anticipate any problems that 

might arise during construction. 

 

Engineering Design 

Preparation of civil layout for RCC, Steel and Masonry Structures in different perspectives 

such as isometric – view, elevation, plan – view etc. Preparation of structural drawings of 

members like foundation, shear wall, pavement, column, beam & slab that contain 

reinforcement details, cutting length, welding details, joint locations, clear cover etc. All 

designs are prepared as per governing standards that include but are not limited to IS 456: 2000, 

IS 800: 2007, IS 1893:1984, IS 4326:2013, IS 13828:1993, IS 13920:1993, IS 875:1987 and 

NBC 2016. 

 

Architectural Designing 

Crafting architectural plans that contain a colourful illustration of civil layout in different 

perspectives such as elevation, isometric – view, plan – view etc. with few additional details 

of furniture, windows and doors. Besides, a 3D design is also modelled to cover all aesthetic 

aspects such as orientation & location of building components, colour & texture of building 

parts, interior furniture layout, outdoor landscape areas & tree cover. 

 

Pre-Engineering Building (PEB) Designing 

Complete designing of Pre-engineering building includes soil testing, structural designing for 

foundations and super structure, selection of suitable lightweight members for super structure, 

estimation of the quantity of construction material, etc. Due consideration is given to seismic 

loads and wind loads acting on structures like Warehouses and airport Hangars. 

 

Civil and structural designing involves the following steps: 

1. Site testing of soil and data collection of terrain, and topography. 

2. Preparation of preliminary plan of structure. 

3. Load calculation of structure with considering all forces such as self–weight, load of 

goods/ occupants, vibration load of machines (if any), wind load, and earthquake load 

during the calculation. 

4. Selection of structural members i.e. columns, beams, slabs, foundation, etc. such that 

all acting loads are safely transferred to the foundation. 

5. Detailing of structural drawings civil layout and final architectural plan 

 

Professional advice on all aspects of structural design analysis, includes: 

1. Structural load calculations 

2. Design criteria for concrete and steel structures 

3. Mechanical engineering concepts such as stress and deflection analysis 

4. Design software packages that include advanced 3D modelling capabilities for quick 

client feedback 
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Walk-Through-Audit includes: 

1. Inspections of existing buildings (both new construction and old) 

2. Inspection of historic architecture 

3. Analysing structural components such as columns, walls, foundations, etc. 

4. Identifying any problems with their condition and recommending solutions 

 

5.2. Pre-Engineered Building Design 

Pre-engineered buildings are specifically designed buildings that are built according to a set of 

engineering specifications. These specifications provide guidelines for the design of a 

building. Pre-engineered buildings are not only more cost-effective than traditional 

construction methods, but they also allow for better control over the final appearance and 

functionality of the building.  

Pre-engineered building design is the process of designing a building and then pre 

manufacturing it, so that it can be assembled on site. 

 

Pre-engineered building design is a construction method that allows for the planning and 

assembly of a structure before its construction. The process can be used to create buildings 

with a fixed design, allowing for the use of prefabricated components, but also allows for 

customisation of the design, allowing for more flexibility in the final product. 

Pre-engineered building design is a process used to create customised buildings, which can be 

used in a variety of applications. It is often used in construction and architecture. 

Pre-engineered building design allows the architect to create a building design that has been 

designed to the specifications of the client, rather than creating it from scratch. This saves time 

and money, since you don’t have to physically build your own version of the house or office 

structure, but instead can focus on other aspects of your business instead. 

 

Importance of Pre-Engineered Building Design 

Pre-engineered building design is a process that involves the design of a structure that is built 

off-site and then moved into place, in addition to other elements of pre-engineered buildings. 

This type of building design is often used in large construction projects because it allows for 

more efficient use of resources and materials, as well as faster construction times. 

1. It saves time: Pre-engineered buildings can be built faster than conventional buildings, 

which means you’ll have more money to spend on other things (like training your 

employees). 

2. It saves money: Because you’ll be able to build these structures off-site and transport 

them to the site without having to build foundations or footings, you’ll save money on 

materials and labor costs. 

3. It saves energy: Pre-engineered buildings are typically made with high quality materials 

that are less likely to require frequent maintenance or replacement over time—which 

helps reduce your energy usage! 

4. It reduces risk: Because they can be built off-site, pre-engineered structures are less 

likely to suffer damage during transportation if something goes wrong at some point 

along the way (or if there’s any kind of natural disaster). 

5. It’s environmentally friendly: Because they’re usually made from. 

 

Pre-Engineering Building (PEB) Designing 

Complete designing of Pre-engineering building includes soil testing, structural designing for 

foundations and super structure, selection of suitable lightweight members for super structure, 
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estimation of quantity of construction material etc. Due consideration is given for seismic loads 

and wind loads acting on structures like Warehouses & Airport Hangars. 

 

Civil and Structural designing involves following steps: 

1. Site testing of soil and data collection of terrain, topography. 

2. Preparation of preliminary plan of structure. 

3. Load calculation of structure with considering all forces such as self –weight, load of 

goods/ occupants, vibration load of machines (if any), wind load and earthquake load 

during the calculation. 

4. Selection of structural members i.e. columns, beams, slabs, foundation etc. such that all 

acting loads are safely transferred to the foundation. 

5. Detailing of structural drawings and civil layout and final architectural plan 

 

Walk-Through-Audit includes:  

1. Pre-engineered building design 

2. Construction management 

3. Project development 

4. Architectural design services 

5. Cost estimate/management 

 

5.3.STAAD Analysis 

Structural Design Analysis (STAAD Pro., ETABS Etc.). Structural analysis is employed on 

structural drawings of building frames, trusses, and bridges to determine the effects of loads on 

physical structures. It considers all the material properties along with applied mechanics and 

applied mathematics to compute a structure’s deformations, internal forces, stresses, and 

support reactions.  

The results of the analysis are used to verify a structural design’s stability and fitness for use. 

The analysis team is well-versed in the popular software of the industry such as ETAB, STAAD 

Pro., SAFE, etc. 

 

STAAD Analysis is a structural analysis that analyses the stability of a structure. STAAD 

analysis is performed on a planar structure, and it is used to determine if the structure will 

remain in equilibrium and remain stable under given loads. STAAD Analysis is a method for 

determining the stiffness of concrete by measuring the deflection of a test specimen. The results 

are used to determine the amount of reinforcement required in concrete structures. It is also 

used to determine if cracks in a concrete structure are caused by internal or external forces. 

It can be used to evaluate different types of concrete: self-compacting, non-self-compacting, 

reinforced, and unreinforced. 

 

It is a technique for identifying the most important structure in a design. 3D models are created 

of the parts of a structure, and then those models are analysed to determine which parts of the 

structure are most critical to its function. 

The most common use for STAAD Analysis is to determine how much reinforcement is needed 

in a concrete structure. It can also be used to determine if cracks in a structure are caused by 

internal or external forces. 

STAAD Analysis is important because it allows you to see how your design will perform in 

various conditions. It also allows you to compare your design to others, which will help you 

make decisions about what steps you should take for future projects. 

 

The benefits of using STAAD Analysis include: 
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1. STAAD Analysis helps to understand the properties of a material and how they change 

with temperature, humidity, and other environmental factors. This can be very helpful 

in determining whether certain materials will work well for a particular project or not. 

2. STAAD Analysis can also help to determine what type of manufacturing process would 

be best suited for making a given product. 

3. STAAD Analysis can help determine whether or not different types of construction 

materials are compatible with each other based on their physical properties such as 

hardness/softness or density/weight. 

 

5.4.Civil Estimation Services 

Civil estimation services are used to calculate the cost of a project. The process involves 

examining the work involved in a project and gathering data on the materials required. Civil 

estimation services are used by many different types of companies, including construction 

companies, architects and engineers.  

Civil estimation services are used to help determine how much it will cost to build a new 

structure or renovate an existing one. This is done by taking into account the size and scope of 

the project, as well as other factors such as materials and equipment needed for the project. 

Civil estimation services have many benefits for both clients and contractors. For clients, it 

allows them to make informed decisions about their projects since they know exactly how 

much this project will cost when it will be completed, and what materials will be required. 

They also get a better idea of how much time they have left before the project needs to be 

finished so they can plan accordingly. 

For contractors, civil estimation services allow them to determine how much money they need 

to raise before starting a job so that they don’t run out of funds during the course of the project 

(this is known as “raising money”). It also helps contractors keep track of all aspects of their 

jobs so that if anything goes wrong later down the road (like needing more materials), they’ll 

know exactly what they need in order to finish up on time without having to go back out looking 

for more materials themselves. 

1. The civil estimation services help in the timely completion of projects. 

2. It helps in getting a project done on time and within budget. 

3. It helps save money and time by reducing the cost of errors and omissions that may 

occur due to delayed project completion, which can lead to costly penalties and delays. 

4. It ensures that the project is completed according to plan, schedule, and budget 

requirements. 

5. It ensures that all parties involved in the project have access to accurate information 

about their respective roles, responsibilities, expectations, constraints, contractual 

obligations, etc., thereby helping all team members to understand their roles clearly so 

that they can perform as per their respective roles effectively. 

 

Estimation Services 

BOQ is a list of items (reinforcement, concrete, cement, etc.) planned to be employed during 

the execution of works along with their estimated quantitates & costs respectively. 

 

Walk-Through-Audit (W-T-A) in the estimation of material required for a construction project 

with complete details such as the corresponding cost of material, manpower cost, and timeline 

of the project. This includes:  

1. Detailed site surveys and plans 

2. Expert knowledge of materials, methods, and equipment 

3. High-quality workmanship and accurate estimates 

4. Excellent communication skills with clients, contractors and suppliers 
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6.0. Fire Design 

 
6.1. Fire Safety  

Fire engineering has been a neglected discipline in the past for the majority of primitive 

industries and in some cases, for major industries as well, where most of the critical engineering 

part has been left out in the scope of hardcore equipment suppliers. 

 

Thereby missing important factors such as suitable extinguishing media, fire load-wise 

allocation of resources to areas in the facility, actuation and timely response of fire-fighting 

systems, emphasis on the importance of different operations in the same facility, etc. 

 

Fire Safety set of functions include: 

1. Design of complete Fire Hydrant and auxiliary network including sprinklers and local 

suppression system such as foam, mist, High velocity spray system, etc. 

2. Network Analysis for planned, designed and existing systems (Computer Aided 

Design) of hydraulic system via simulation (pressure drop hydraulics). 

3. Installation and commissioning of complete Fire-fighting system including the 

detection and alarm system. 

4. Testing of existing systems for fitness and recommissioning. 

5. Design and supply of related auxiliaries such as signages, Fire plan, Evacuation Plan, 

Fire door design, Fire partition design, etc. 

 

The methodology includes: 

1. Fire Risk Assessment 

2. Fire Safety Plan Development 

3. Fire Suppression Systems Installation & Maintenance 

4. Fire Brigade Training Courses for Staff, Volunteers and Volunteers 

5. Fire Safety Checks & Inspection 

 

Fig. 5.2. Fire Design Layout  

 

6.2. Fire Detection System Design 

Fire detection system design involves meticulously analysing building layouts, risks, and 

regulations to create customised plans for strategically placing smoke, heat, and other sensors 

throughout the space. These sensors are carefully integrated with alarm systems and emergency 

response protocols, forming an invisible network that detects fires in their nascent stages, 

initiates rapid response, and protects lives and assets from even the smallest flicker. 
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Types of Fire Detection System 

1. Smoke Detectors 

2. Heat Detectors 

3. Carbon Monoxide Detectors  

4. Carbon Dioxide Detectors  

 

Benefits of Effective Fire Detection System Design: 

1. Early warning and rapid response: Detects fires in their nascent stages, minimising 

damage and maximising evacuation time. 

2. Reduced risk of injuries and fatalities: Provides early alerts, enabling safe and efficient 

building evacuation. 

3. Compliance with safety regulations: Ensures your system meets all relevant codes and 

standards, preventing legal repercussions. 

4. Lower insurance premiums: Demonstrating proactive fire safety measures often leads 

to reduced insurance costs. 

 

Applications of Fire Detection System Design: 

1. Commercial buildings: Offices, retail spaces, hotels, and other commercial facilities. 

2. Industrial facilities: Factories, warehouses, and power plants. 

3. Institutional buildings: Schools, hospitals, and government buildings. 

4. Residential buildings: Apartments, condominiums, and single-family homes. 

5. High-rise buildings: Unique challenges require custom-designed systems for effective 

vertical evacuation. 

 

Fire Detection System Design Standards 

1. NFPA (National Fire Protection Association): Provides comprehensive standards for 

fire protection systems, including specific guidelines for detector selection, placement, 

and system design. 

2. IBC (International Building Code): Establishes minimum requirements for fire safety 

in buildings, including mandatory fire detection system implementation and 

performance criteria. 

3. UL (Underwriters Laboratories): Offers safety certifications for fire detection 

equipment and systems, ensuring they meet rigorous performance and reliability 

standards. 

4. Local or regional building codes: We stay updated on and comply with any additional 

fire safety regulations specific to your location. 

 

Fire Detection System Design Methodology 

1. Initial consultation: Understanding your specific needs and concerns through close 

collaboration. 

2. Building survey and risk assessment: Evaluating potential fire hazards and occupant 

safety requirements. 

3. System design and selection: Choosing the optimal combination of detection 

technologies and alarm systems. 

4. Detailed schematics and drawings: Providing clear blueprints for system installation. 

5. Project management and oversight: Ensuring smooth installation and compliance with 

design specifications. 
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6.3. Fire Hydraulic Calculation 

Fire hydraulic calculation is a way to find the amount of water needed to put out a fire. It’s 

performed by taking into account the fuel load (wood, paper, etc.), the area of the room being 

burned, and the height above floor level where the water is released. 

Fire hydraulic calculation is a branch of the science of hydraulics that deals with the flow of 

liquids in pipes. The main objective of fire hydraulic calculations is to predict what will happen 

to a fire when water or some other liquid is applied to it. 

 

This can include the flow rate, pressure and velocity at various points in the pipe, as well as 

how much fire suppression product is needed to control the fire. 

Fire hydraulic calculation is a method used to calculate the flow of water from a fire hose. This 

can be done by multiplying the area of the nozzle by the pressure in psi. 

 

Importance of Fire hydraulic calculations 

Fire hydraulic calculations are crucial to the success of fire protection systems. The purpose of 

this article is to identify five important reasons why fire hydraulic calculations are so essential. 

6. They ensure that the system will perform as intended in the event of a fire. 

7. They help determine what size pumps will be needed for the system, and whether they can 

be safely installed in the space where they will be used. 

8. They identify possible problems with the design, such as if there are insufficient outlets or 

too few sprinklers in an area where it may be needed most urgently. 

9. They help determine how much water pressure should be maintained at various points 

throughout a building so that firefighters can safely do their job and prevent injury or death 

from heat exposure or smoke inhalation during an emergency situation like this one, for 

example). 

10. Fire hydraulic calculations can also help identify areas where renovations might be 

necessary due to space limitations that would interfere with proper installation or operation 

of certain components within an existing structure. 
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7.0. Basic and Detailed Engineering Services 

 
Successful projects rise from well-defined plans, and engineering expertise holds the key. 

Within this landscape, two crucial stages – Basic and Detailed Engineering Services – work in 

close concert to bridge the gap between vision and construction. 

Basic and Detailed Engineering services creates a high quality, cost effective and timely 

engineered project development. It includes all the studies to be performed for the project. 

These engineering studies are the key for every project development across industrial sector. 

 

7.1. Basic Engineering  

This initial stage lays the cornerstone for your project. Through meticulous analyses and 

studies, project feasibility, defined core elements, and establish preliminary costs. Think of it 

as drafting the blueprint for your project’s foundation, with process flow diagrams, equipment 

sizing estimations, and conceptual layouts serving as the preliminary map. This vital stage 

identifies potential challenges, ensuring project’s core structure aligns with its long-term goals. 

1. Define project scope and feasibility: Through meticulous studies and analysis, we 

ensure your vision is both achievable and impactful. 

2. Develop conceptual designs: Process flow diagrams, preliminary equipment sizing, and 

initial cost estimates provide a clear blueprint for the project’s core structure. 

3. Identify potential challenges: Proactive analysis of risks and constraints allows for early 

mitigation strategies, saving you time and resources later. 

 

7.2. Detailed Engineering  

Building upon the groundwork laid in Basic Engineering, this stage translates theoretical 

concepts into tangible construction plans. Imagine detailed electrical and piping drawings, 

equipment specifications, and comprehensive project schedules as the construction blueprints 

handed to your contractors. Every component is meticulously defined, from specific material 

bills to clear construction estimates. This stage transforms abstract ideas into the practical 

realities needed for seamless on-site execution. 

1. Equipment specifications: Detailed specifications for every component ensure 

compatibility, performance, and optimal project outcomes. 

2. Comprehensive drawings: Precise piping and electrical drawings, civil and structural 

designs, and control system configurations guide every step of construction. 

3. Construction readiness: Specifications of materials, construction estimates, and 

comprehensive project schedules equip with everything needed for seamless execution. 

 

By understanding these two distinct yet interconnected stages, you gain a clear understanding 

of how engineering expertise guides your project from vision to realisation which involves: 

1. Process Engineering 

2. Instrumentation & Controls Engineering 

3. Electrical Engineering 

4. Mechanical Engineering 

5. Plant Design & Piping Engineering 

6. Civil Structural Engineering 

 

These audits typically include the followings: 

1. Surveys, plans, and drawings 

2. Electrical, mechanical, and plumbing drawings 

3. Specifications for materials, products, services, and equipment  
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End Note  

 


