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Message from

President’s
Dear Engineers, Readers, Members & Friends,

As We Usher in 2022
We at CEAI

Wish You, Your Near & Dear Ones 
A Very Happy New Year

And That
Everyone Braces Thorough It

With Zeal, Passion & Caution That HELD All So Far

For CEAI it has been a year filled with virtual events, held 18 of them plus a FIDIC Training course in Kathmandu, 
Nepal which was a physical event, as CEAI reached out to fellow Engineers and others to keep them Continuously 
Updated of new developments in technology, codes, standards, best practices, legal matters, etc. in different sectors 
of Engineering and the Contracts under which Projects are executed.

CEAI has been pursuing with the Government and other Authorities and Agencies for making the terms of selection 
and employment of Consulting Engineers more equitable, less taxing, hear the voice of the Consultant, etc. In many 
areas there have been positive developments and the others we are still pursuing. These are all brought to you in the 
issues of Viewpoint. To strengthen our hands and positions, and also keep abreast of all developments, we urge you 
to become Members of CEAI and contribute your mite.

With best wishes

 

Dr Ajay Pradhan

President



WHY JOIN CEAI?
The Future is Yours to Make

Make it with CEAI
 y CEAI promotes the interest and works to enhance the status of the Consulting Engineering profession in 

India
 y CEAI advocates global networking and co-operation
 y CEAI helps to keep in touch with the latest professional updates – technical, regulatory, legal, financial, 

health & safety, environmental, etc.
 y CEAI provides excellent opportunity to present papers in seminars and technical lectures organised from 

time to time
 y CEAI aids in skill development through regular training programmes including training on FIDIC Conditions 

of Contract and sharing of the legal issues based on the Indian context
 y CEAI takes-up various issues confronting the profession with government and other authorities from time 

to time with the objective of making the conditions of engagement on a fair and equitable basis so that 
Consulting Engineers can function in the best interest of the country

 y CEAI promotes the cause of Women Engineers with a view to ensure rightful places for them in the 
engineering consultancy arena

 y CEAI helps to develop Young Engineers who are the Future Leaders

To Grow
JOIN NOW

INDIA 
NEEDS 
YOU

CEAI
Apex Body of Consulting Engineers

Over 60 YEARS
Of Service to The Profession
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Message from

Chief Editor

The changes thrust over the past two years have become common place and transformed the daily human 
repertoire in all walks of life. Humans the world over are catching up with the faster pace of life since the 
changes are here to stay; Consulting Engineers are no exception. They, the Consulting Engineers, and even the 
Contractors are being called upon to work at increase their pace. Prudence, therefore lies to be abreast of the 
developments in technology, deploy and utilise them for easier and faster working and at the same time improve 
the quality and reliability of the output. That applies to the works in the design office as well as the site right 
from scratch to finish.

Although, the old manual methods had been easing out of the offices decades ago albeit at snail pace, but at 
construction sites, the digital methods hardly made a dent except when thrust upon by a Client. However, all that 
changed overnight around, 18 months ago. Those who were already into using digital work procedures, could 
ramp up but the those who had not even started, faced an uphill task. The latter were compelled by circumstances 
to leave the old school and its methods of working and graduate immediately to what was current. Those who 
had been adapting, over the years with perseverance, were only momentarily affected. The initial outlay may 
seem high but the yields are good. What those who still have to come on board need to keep in mind is that they 
must upgrade periodically and keep pace with the cutting-edge technology since that impacts not only safety and 
health but also productivity and quality.

Most engineers look at the technology as having affected the mode and manner of working. However, they also 
need to understand that the changed mode of working from manual to digital and with all stakeholders having to 
work off one platform, one model and one data base, the Contract Management systems also need to be relooked. 
The legal ramifications and the Contract documents per se need to be reviewed in toto. Contract Management 
could become less complex, since all requirements which are the input into the Project platform and the changes 
requested or necessary (on account of external requirements which come in later) into that Project platform are 
traceable. Miscommunication and misinterpretation of data would be a thing of the past since all work is to be 
done based on the same Project Model and Project Data Base and all inputs into them are traceable. That also 
makes accountability and responsibility to be traceable since all concerned – clint, consultant, vendors and 
contractors would work off a single Project platform, accessible to all the Project stakeholders thorough the 
cloud. That digital data serves as the indisputable input and basis for any decision incase a claim arises or deemed 
to arise or purported to arise. Dispute Resolution procedures would also have to be looked at. However, for all 
that to be possible the Tender/ Bid Document must clearly specify the software to be used by all concerned. At 
times even the hardware and other communication system requirement would need to be specified.
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Just as the work procedure and the contract management are affected so also would the billing and payment 
release there off. Since the payment is often linked to progress, the single Project platform would even change 
that since the quantum of work done and the quantities payable thereof would come from the Project platform 
per se. Check and recheck would be a thing of the past, since the quantities would be extracted from the Project 
platform. What needs to be ensured is that each and every stakeholder must signoff and accept each input into 
the system.

The current technologies offer a great deal of benefits for the Consulting Engineering and Construction sectors. 
However, a word of caution is necessary. With continuously evolving hardware and software it is necessary that 
backups be available which will be usable/ replaceable even after decades. What was on floppy disks or data 
tapes are not accessible now, hence all that data is lost unless hardcopies were created and preserved. That’s an 
area which the company’s manufacturing the hardware and the software creators need to ensure. Sustainability 
considerations also point in the same direction. Whatever is created should be available for use even decades 
or centuries later depending on the need. Project documents could fall in the first category but legal documents 
such as court judgements, land records, etc. would fall in the second category. This issue needs very serious 
consideration and immediate action and the persons involved with the hardware and software creation must rise 
to the occasion, since it is they who are accountable and responsible for that.

It is also pertinent to point out that the long-standing demand of legislation for the Profession of Engineers is still 
gathering dust. The Government of India must take it up and enact the legislation so that Engineering becomes 
a legally recognized profession just like Architects, Advocates, Doctors, Chartered Accountants, Company 
Secretaries, et al. Let’s trust that the new year see’s that materialise.

Dear Contributors & Readers
Together We Weathered Another Year Of The Pandemic

Thank You For Your Support
And Look Forward To

Reinforced Vigour As We Enter Into 2022

A P Mull
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Message from

Guest Editor
Conventionally, Consulting Engineering has been a high technology space but low on adoption. With the rapid 
technological developments, the engineering and consulting firms are being challenged to adopt new and 
emerging technologies almost at the same rate at which they are evolving. While the basic elements of project 
lifecycle span remain same, as also the key critical milestones, it is interesting to note that the technology 
change is compelling all the stakeholders (such as Owners, Technology suppliers, Consultants, Contractors, 
Material Suppliers, Plant & Equipment Vendors, et al) to adopt to faster and more efficient ways to complete 
projects. The sequence of activities is also being altered with technology pushing many activities upfront in the 
project cycle. Another factor is the ever-growing size of the industries and increase in capacities to mega scales. 
For these, it is imperative that several new technologies must be adopted for addressing the complexities of 
execution. Engineers as well as Project Owners rely heavily on the use of latest technology, starting from project 
planning, forecasting tools to supply chain logistics to use of modern construction techniques. The operations 
and maintenance of the facilities are utilising artificial intelligence techniques. Modern industrial facilities are 
setting ambitious goals for enhancing the productivity and plant availability right at the design stage! In order 
to meet such expectations, the engineering and consulting firms are rapidly evolving and adopting to newer 
ways of engineering. This edition of ViewPoint aims to appraise readers about the emerging technologies, tools, 
methods that are changing the landscape of engineering and consulting services. New technology innovations 
are entering the engineering workspace, creating efficient design and production cycles. These are exciting times 
for all practicing engineers who have unique opportunities in implementing several first-time tools on projects.

The power of digital technology has truly been recognized and appreciated in the last two years when the 
pandemic forced all sectors of human activities to adopt digital means and shift to ‘Work from Home’ creating 
new scenarios for working remotely but still collaborating effectively and maintaining collective productivity of 
the teams. The common picture of engineering teams involving several sets of engineering drawings laid all over 
the premises was suddenly replaced by review using digital tools. The common misconception on effectiveness 
of remotely conducted review meetings requiring physical presence of multi-discipline specialists suddenly 
changed. The demographic boundaries disappeared. The work force location became a secondary issue. Digital 
technology tools demonstrated the power of working remotely and yet collectively; the engineering community 
learned several lessons and further innovated ways for effective collaboration and productivity enhancements. 
With ease in internet availability, the ‘Industry 4.0’ revolution has already created a framework for data storage 
and data sharing using new cloud-based platforms enabling access on demand from anywhere in the world. Data 
safety and security solutions witnessed a sea of change and achieved greater maturity thus reinforcing confidence 
in users.
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With the progression of technologies such as 3D printing, Artificial intelligence, Digital Twin, Remote 
Monitoring, Equipment failure diagnostics and prognostics, etc, the focus of modelling has shifted from physics-
based models to data-based models. The tacit knowledge from experience and conceptualisation is augmented 
or even substituted by data and scenario analysis over virtual platforms. While physics based steady state or 
dynamic process simulation models are still the norm for the basic design of the facility, the use of available 
operating data have promoted Data Analysis and new breed of Data Scientists have emerged developing new 
artificial intelligence technologies that can be applied to predict the potential machine failures well in advance. 
This technology can extend the life of the facility several times and help in planning maintenance, securing 
accessories, materials required for the maintenance and setting an optimum supply chain reducing the warehouse 
dead inventory. Artificial Intelligence based solutions helps to increase productivity by avoiding downtime in 
operations! Another example of new age digital technologies are Augmented Reality and Virtual Reality (AR & 
VR) platforms and their new avatars, for effectively training workers and operators. While real time training and 
simulation platforms are not new, the AR/ VR technologies can effectively train the persons in virtual project/ 
plant environment. Gradual switch can be noticed from conventional practice of referring to the operating 
or maintenance manuals to the fully digitalised graphics and virtual environment training with all required 
information access at the click of the button!

Apart from the developments in digital tools, software, simulation technologies, a significant change is the new 
expectations from the stakeholders with respect to value added services especially from low carbon economy and 
sustainability point of view. The need of the time is to develop, select, deploy suitable technological solutions 
to combat Global Warming, Climate Change and Greenhouse Gas Emissions. The focus is clearly shifting 
from conventional way of meeting energy demands to innovative, cost effective and sustainable solutions to 
minimise the energy demand. The renewable power generation using solar, wind, hydro sources are increasing 
their share in the overall energy basket. The oil and gas-based economy is transitioning into a low carbon 
economy. Hydrogen is seen as an important energy vector of the future. What makes transition from carbon 
to hydrogen economy meaningful is that hydrogen can be produced from abundantly available resources of 
water and renewable electricity and upon combustion the by product is water! However, addressing the lower 
volumetric energy density of hydrogen is still a major challenge. Hydrogen will surely play an important role in 
decarbonising industrial as well as mobility sector in coming decades.

Carbon dioxide capture technologies are gaining momentum and the technology is now ready for mass scale 
adoption. The hard to abate industrial sectors such as steel or cement would rely on capturing carbon dioxide 
and further converting it into useful products. Research in carbon pathways for converting it to long living 
molecule will continue in the coming decades. Steel industry is witnessing a transition to increase the share of 
steel production by using direct reduction of ore techniques. Electrification of energy is replacing technologies 
and systems that run on fossil fuels with alternatives like electric vehicles, heat pumps, and induction stoves that 
run on clean electricity – a proven way to reduce pollution and decarbonise the economy.

Construction techniques are also witnessing a change. The sector’s focus is shifting from traditional methods to 
more modular, mechanized and intelligent construction management solutions that can reduce the turnaround 
time of projects. The major construction companies in India are increasingly turning to new technologies to 
speed up their digital transformation. Project Management, Enterprise Resource Planning and Client Relationship 
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Management have emerged as the core areas of future development. The conventional project progress reports 
are being replaced with drone surveyed images/ videos of the construction site. Drones find their applications 
in monitoring and inspection of high heat zone assets such as a flare tower tip during its normal operation. 3D 
printing is making a headway in building construction. It’s a question of time that these technologies will soon 
find their significant share.

With the rapid technological changes driving the Consulting Engineering firms to reconfigure and realign the 
service offerings, they need to scale the manpower and upgrade the skills required for human resource teams. The 
green revolution requirements such as reduction in overall material requirements, reduction of lifecycle energy 
costs, thrust on recycling of materials, etc. are expected to be dominating the future of all service offerings of 
Engineering and Consulting firms. There is no doubt that adopting quickly to the Industry 4.0 revolution and 
simultaneously working on the Green Revolution would provide an opportunity for young professionals to ride 
on an exciting learning curve that would shape their future and that of future generations of Engineers.

Dear Readers - Wishing You and Your Families
Good Health for a Safe & Happy New Year

Atul Choudhari
Chief Technology Officer
TATA Consulting Engineers Limited

Farmers in MP village turn marshland into an irrigation pond 
and a biodiverse haven
The pond, which harvests rainwater, has improved groundwater levels and made cropping 
patterns more diverse in a region that is otherwise Bt Cotton-dependent.
C VINITHA
DECEMBER 27, 2021 / 07:09 PM IST

The irrigation pond now supports a variety of plant and animal life. (Photo: C Vinitha)
When a group of passionate people in a community come together, they are bound to 
transform their lives and their surroundings.
Thus it was with a few residents of Paradsinga village in Madhya Pradesh–an irrigation 
pond they dug in a marshland has improved groundwater levels in an otherwise parched 
region, diversified its farming and turned its fields into thriving hubs of biodiversity.

Paradsinga, a tiny village in Chhindwara district close to the state’s border with Maharashtra, lies on the agricultural belt 
known for its BT Cotton production. The village is largely dependent on rainwater for irrigation and, as it is on a plateau, 
the groundwater table here is low. Even tubewells don’t help because they dry up much before the summer peaks, making 
BT Cotton the ideal and overwhelmingly popular crop.
A young farmer in Paradsinga, Shweta Bhattad, and her friends decided that someone had to fight against this bleakness and 
set about doing just that. They started a movement, which would slowly but steadily, change the fortunes of their village.
They started by consulting Amitabh Pawde, a civil engineer who had left his job with the Airport Authority of India (AAI) 
14 years ago to take up farming full time in his native village, Yerla Pawde, in Nagpur district. He is recognised as an expert 
on rainwater harvesting in Maharashtra.
Source: https://www.moneycontrol.com/news/business/farmers-in-mp-village-turn-marshland-into-an-irrigation-pond-and-
a-biodiverse-haven-7871821.html 
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Consulting Engineers - 
The Solution Providers

Pradeep Chaturvedi
Chairman, Interdisciplinary Coordination Committee
Institution of Engineers (India)

Opportunities for Consulting Engineers
The outcomes of the Glasgow Climate Change Conference 
have charted a pathway to promote a sustainable living 
environment. It is a good opportunity to use COP26 
and the interest around its outcomes to project the 
voice of the global engineering profession on climate 
and sustainability issues. Local, regional and central/ 
federal governments in all countries are centre stage to 
deal with future courses of action. What is important 
is that business is also considered an important partner 
in finding solutions. Global Management consultancy 
groups have got into overdrive and are developing and 
advocating new models of development. Whereas the 
engineering consultancy groups will be key players 
for future strategic development, but they are not the 
vocal entity. It is necessary that they communicate why 
engineering, together with a range of other disciplines, 
is so crucial to the global response to the climate 
crisis, particularly by highlighting and introducing the 
engineering systems approach. This has presented CEAI 
a unique opportunity to project and communicate that 
action to achieve decarbonisation and ‘net zero’ goals 
must be pursued in line with action towards meeting 
all 17 UN SDGs. CEAI thus plans to proactively work 
in India, and convince governments, policymakers and 
public authorities tasked with implementing climate 
protection and sustainability strategies. Since climate 
change issues need a multidisciplinary approach, CEAI 
would also identify such groups and convince them about 
working alongside them.

Consulting Engineers have an all pervasive role over the 
development canvass. Future actions will be rapid and 
with a man-machine interface. New technologies and 
techniques will evolve needing upscaling operations and 
reskilling manpower. Engineers should also get over the 
fear that the number of jobs will decrease; it will be the 
nature and skill sets for new jobs that will be different. 
CEAI plans to create its own task force to monitor and 
identify future requirements.

Disaster Mitigation
The effect of natural and manmade disasters can be 
mitigated by building resilience in the approach. Across 
industries, value chains are facing increasing uncertainty 
from climatic anomalies, market volatility, and the 
COVID-19 pandemic, among other factors. Industries 
as diverse as agriculture, oil and gas, and mining face 
essentially the same problem: they need the ability to both 
run with increased efficiency and recover quickly from 
unforeseen or unexpected challenges. But these two goals 
often conflict. If companies simply increase production 
levels, they will inevitably run into bottlenecks - and if 
failures occur that worsen those bottlenecks, the entire 
network can slow down and become less resilient.

Resolving the conflict presents several challenges. 
Organisations often make local decisions in silos without 
considering downstream implications, which requires 
downstream operators to manually request adjustments 
upstream as they discover challenges. Although digital 
technologies can improve resilience by assisting decision 

01
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making, achieving transparency across the value chain 
requires the alignment of many stakeholders and diverse 
expectations about what the technologies should deliver.

Deploying Digital Technologies
Increasingly sophisticated Artificial Intelligence 
technologies - such as advanced analytics-based 
forecasting, digital-twin supply-chain simulations, and 
supply-chain optimisation tools - can help companies 
improve resilience-efficiency balance of their value 
chains. McKinsey & Company has analysed more than 
50 technology-driven supply-chain transformations and 
distilled three key factors of success in implementing and 
adopting digital supply-chain technologies: value-driven 
solution design, enhanced business process and capability 
building, and seamless technological implementation.

The scale and pace of the transition required to meet 
these goals presents an immense challenge. To keep on 
track , the world needs to reduce annual emissions by 
an additional 28 gigatonnes of carbon dioxide equivalent 
by 2030, beyond what has already been promised within 
unconditional Nationally Determined Contributions.

Rapid action and tough decisions must therefore be taken 
this decade to decarbonise society and avoid breaching 
dangerous and irreversible tipping points. Coordinated 
support and major investment must be prioritised to 
deploy available technologies imminently, rather than 
solely relying on future research breakthroughs and 
magic solutions. The key take aways for engineering 
consultants is to identify available technologies that 
are not being used but can be effective. Convince 
the user agencies that time is of essence and they try 
available technologies rather than waiting for uncertain 
developments.

Suggested Solutions
National decarbonisation strategies must be designed to 
enable other countries to also achieve the transition. That 
means global thinking and coordination is necessary 
even though the action may be local.

Working alongside other key professions, engineering 
has a crucial contribution to offer to climate mitigation 

and adaptation strategies. Engineers possess unique 
knowledge of transformative technologies, an 
understanding of the time scales and processes involved 
in developing and designing and building solutions, and 
crucially, an ability to think in systems that position 
them as valuable partners to the authorities tasked with 
implementing the transition to a sustainable future.

Systems Approach
The systems approach is used in engineering to address 
complex problems and involves integrating all relevant 
factors and wider contexts into decision making 
processes. Such an approach has wide application, for 
example, it can help policymakers transform multiple 
inter connected socio-technical systems, or businesses, 
set measurable and verifiable sustainability targets by 
identifying interdependencies, trade-offs and points of 
greatest leverage.

The engineering systems can also help identify which 
actions to take first, and which are the best quick win and 
no regret solutions to pursue. For example, this approach 
can help identify how, when and where best to deploy 
the available technological solutions at a scale and at a 
pace which are essential to accelerate action within the 
next decade.

Conclusions
As governments, public authorities at all levels and 
businesses seek to address the challenge by scaling 
up and accelerating strategies to mitigate and adapt, 
engineers and technologists are poised to play a uniquely 
valuable role. Beyond their role as innovators, designers 
and developers of sustainable and resilient solutions, 
and their professional duty to protect the public and the 
environment, engineers are trained to think in systems 
analysing multiple overlapping systems to derive suitable 
paths for action.

While the management consultancy firms are creating 
opportunities out of the challenging situation, the engi-
neering consultancy firms can also create opportunities 
and help socio-economic development.
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Consulting Engineering-Technology 
Impacted Knowledge Business

Shantanu S Apte
Vice President and Head of Delivery
Hydrocarbons and Chemicals Business Unit

Vinaya M Joshi
Senior Engineer
Hydrocarbons and Chemicals Business Unit
TATA Consulting Engineers Limited

Abstract
Consulting Engineering (CE) is a multi-disciplinary 
business. Consulting Engineers influence almost 
all stages of asset life cycle viz. conceptualisation, 
detailing, manufacturing, inspection, installation & 
commissioning, operation & retirement or repurposing 
of assets. The span of CE influence on assets is very 
vast. The impact of technology in such a diverse field 
is difficult to comprehend in a single paper. Most of 
the available literature discusses advancements of 
technology through tool-based perspectives. There is a 
lack of comprehensive literature describing the impact 
of technology on overall functioning of CE firms. This 
paper proposes CE as a Knowledge Business. The 
novelty of this paper lies in expanding a narrative of 
technology from a tool to all-encompassing knowledge 
management culture of a CE firm. Instead of resorting 
to individual technology tool-based micro level 
perspective, it takes a macro level approach to describe 
the impact of technology on the functioning of CE firms 
through the Knowledge-Based View theory (KBV).

Introduction
The plant cannot be environmentally friendly or energy 
efficient unless the plant design is conceptualised 
scientifically and methodically keeping those objectives 
in mind. Businesses and Governments are increasingly 
understanding and appreciating that role of CE which 
helps improve life standards without compromising 

safety. A well-designed water distribution system or 
storm water drainage system saves crores and serves 
communities for years. A well thought through chemical 
plant can ensure safety of personnel and environment. 
The assets created for personal and community usage 
need to stay contemporary and relevant for generations 
and hence the contribution of CE is paramount and 
essential.

A thought through usage of technology improves 
functioning of CE firms and hence its impact on the 
CE business needs special attention. The modern era 
has witnessed unprecedented technical advancements 
in terms of computing power, ease of operation and 
affordability of computing devices, cloud computing, 
artificial intelligence, wireless data transmission, 
material science and networking leading to internet 
and internet of things, etc. Such advancements have a 
profound impact on CE. 

Instead of discussing individual technologies in various 
CE services at a micro level, this paper provides a 
macro level perspective about technology impact on CE 
business, which is truly a knowledge-based business. 
Hence it is essential to consider the impact of technology 
through the knowledge perspective. The paper consists 
of four sections. The first section discusses the five 
pillars of CE viz. Technical Capabilities, KM Practices, 
IT infrastructure, PMO function, and Organisational 
Culture. The second section discusses major technical 
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advancements in each of those areas. The third section 
provides the context of technology influence on CE 
through a Knowledge Based View theory. The fourth 
and concluding section provides a summary with 
articulation of contribution and limitation of the paper.

1. Five Pillars of Consulting Engineering Business

 The business of CE requires knowledge, skills, 
and capabilities in the areas of not only several 
engineering disciplines but also about the art and 
science of doing business. Thus, the CE business 
also requires knowledge of finance, economics, 
sales, marketing and human resource management. 
The repertoire also involves project management 
and all its allied functions. Once the assets are built/ 
installed, their operation and maintenance too need 
the advice of Consulting Engineers. The assets that 
Consulting Engineers help create are expected to 
last for their design life and need to stay relevant 
at least till then. The transformation or disposal of 
the assets at the end of their life is another area of 
involvement of CE. 

 It would be appropriate to define the important 
pillars of CE business, before understanding the 
overall technology impact. The five pillars are 
described below (Refer Figure-1)

1.1. Technical Capabilities

 Technical capabilities encompass multiple 
engineering disciplines viz. civil, mechanical, 
electrical, instrumentation, chemical, 
metallurgical, etc. It is not only the knowledge 
of individual disciplines, but the multi-
disciplinary knowledge that holds the key. 
The capabilities to understand various aspects 
like design for constructability, design for 
operation and design for maintenance too need 
deeper understanding of both basic and applied 
sciences. The familiarity and adherence to 
necessary codes and standards applicable to 
different geographies and industry segments 
also form a part of technical capabilities. The 
CE firms need resources who have acquired 
such skills through recognised and accredited 
technical institutes followed by practical 
experiences. The technical capabilities and the 
experience of the personnel, individual and 
cumulative at the organisational level, are core 
to CE business.

1.2. Knowledge Management 

 In order to provide most cost-effective 
solutions to the customer, the organisation 
needs to develop and deploy organisation 
wide Knowledge Management (KM) tools to 
avoid “reinvention of the wheel” and provide 
best in class solutions. Four important aspects 
of Knowledge Management are Knowledge 
Identification, Generation, Acquisition and 
Deployment. All the four stages need a 
methodical and process driven approach. 
This area needs a special attention from the 
perspective of technological changes.

1.3. IT Systems

 As organisations are getting more 
interconnected, the need for better IT 
infrastructure and digital communication is ever 
increasing. The past decades have witnessed 
unprecedented advancements in the areas of 
Information Technology which provides ease 

Organizational 
Culture

Knowledge 
Mangement

Technical 
Capabilities

IT Systems

Project  
Management   

Function

 Figure-1: Five Pillars of Consulting Engineering Firm
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of connectivity across geographies. With the 
ever-increasing communication capabilities 
coupled with reduction in associated costs, IT 
systems have become a necessary part of all 
businesses including CE. The CE firms need to 
think through their planning for data protection 
and security. Data is increasingly becoming 
the blood stream of business functions thus IT 
infrastructure has become a business essential 
function.

1.4. Project Management Function

 CE business necessitate interactions and 
coordination with multiple stake holders across 
geographies. As projects are getting large 
and complex with ever increasing demand on 
reduction of cost and time albeit with enhanced 
quality, the role of Project Management (PM) 
and PMO function is getting important. This 
function works on the adage ‘what cannot 
be measured cannot be improved’ and hence 
various collaboration and visibility tools are 
necessary to perform the function effectively. 
With integrated inter and intra organisational 
functions, the PM role has become business 
critical.

1.5. Organisational Culture

 Studies after studies have established that 
organisation culture has a huge role in eliminating 
waste as well as promoting teamwork. Apart 
from technical skills, the skills needed to 
ensure effective communication amongst stake 
holders can greatly influence the delivery 
outcome. If culture encourages collaboration 
and provides decision making power at the 
distributed levels, the activities become less 
bureaucratic and less time consuming. The 
organisation culture which can promote and 
nurture collaborative and innovative behaviour 
goes a long way. The aspect of inclusivity and 
diversity cannot be emphasised enough.

 The CE firm, if looked through the five 

pillars mentioned above, poses a fundamental 
question. If all CE firms are built upon these 
five building blocks, what differentiates one 
from another? What makes one organisation 
perform consistently better than its peers? 
Although such profound questions have no 
single right answer, one possible way to answer 
such questions could be through the technology 
perspective. The technologies that are efficient, 
scalable and cost efficient can positively 
influence CE firms.

2.	 Major	Technical	Advancements	Influencing	
Five Pillars of Consulting Engineering Business

 The technological advancements are not restricted 
to a specific domain or another. The fast-paced 
eco-system of evolving start-ups has accelerated 
technology proliferation. There is no single 
comprehensive description or elaboration of 
technologies applicable to CE hence this section 
summarises some of the prominent technological 
changes that are already influencing or are most 
likely to influence the CE business. Reference is 
made to McKinsey’s report on emerging technology 
trends that are likely to dominate in the coming 
decade. Refer Figure-2 below.

 Figure-2: Major Technological Advancements

2.1. Process Virtualisation 

 The concept of ‘Digital Twin’ would become 
a norm. It would no longer be combination 
of digital and paper data. All data related to a 
plant system would be expected to be digital 
and be available on demand at a time and place 
as needed. Such data would be a repository 
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for every possible aspect of the plant or assets 
right from design basis, concept notes, detailed 
designs and drawings, operations manuals, 
maintenance manuals and schedules till daily 
production. Every change that happens in the 
physical plant would be mirrored in the digital 
twin and vice versa. Such process virtualisation 
expectations would force CE firms to invest 
into reskilling and retraining of its workforce 
in emerging technologies. The usage of  tools 
like BIM, Drones and IIoT would increase 
and would accelerate the pace of digitalisation 
journey.

2.2. Increased Demand for Being Green 

 The increase in economic activities is seriously 
affecting ecological balance. The time has 
come to delink the economic development 
from environmental degradation. CE has a 
very crucial role to play in not only arresting 
the environmental degradation but possible 
restoration of the same without compromising 
on economic activities. Thus, the familiarity 
and expertise in all aspects of green revolution 
ranging from conservation of energy and 
water across life cycle of assets would need to 
be considered right at the concept and design 
stages. The advancements in material science 
in terms of lighter materials offering better 
strength and flexibility would force CE firms 
to look beyond the traditional material like 
concrete and steel. Carbon neutral initiatives 
should not be restricted to few phases of 
operations of the asset but should rather get 
more stringent across the entire asset lifecycle. 
The need for CE firms to develop an all-
encompassing view of green revolution is 
nearer than thought. CE firms need to devote 
efforts in getting their teams thoroughly familiar 
with the Green requirements. The innumerable 
technologies in the areas of material science, 
unconventional energy sources and energy 
efficient systems and devices are likely to 
secure more investments.

2.3. Distributed Infrastructure

 Increasing complexities would make use 
of various design tools that need high 
competitional power. It would be very time 
consuming and costly to maintain such 
infrastructure at organisation’s own premises. 
The use of cloud computing, edge computing 
and SaaS (Software as a Service) would thus 
increase. The design suits and tools would 
move away from fixed licence model to SaaS 
model. The current COVID-19 pandemic has 
demonstrated this shift very effectively.

 As governments and customers get more and 
more demanding about CE services, the usage 
of technology would keep increasing. No 
single CE firm would have all capabilities to 
fulfil the expectations and hence the need for 
alliances and partnerships would grow. As per 
Wiener, M., & Saunders, C. (2014), it would 
not just stop over there but would give rise to 
coopetition – a combination of cooperation 
and competition wherein firms would be 
competing in some areas and cooperating in 
some other. That would need a renewed focus 
on organisational knowledge management 
practices and systems. The impacts would 
be felt at both inter and intra level personal 
cooperation and culture.

2.4.	Artificial	 Intelligence	 (AI)	 and	 Machine	
Learning	(ML)

 AI is fast moving from scientific fictions to 
business necessities. The ever-increasing 
digital data would need Big Data capabilities 
to manage and leverage gathered intelligence. 
The rule-based algorithms fuelling machine 
learning and overall artificial intelligence 
would affect almost every pillar of CE. Every 
single aspect of organisational experience 
would become a part of organisational KM 
systems and would fuel the AI and ML usage 
further. If CE firm has designed, let’s say, 
a paint plant in the past, the expectations 
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from the client to design the new plant with 
lesser cost and time without compromising 
the quality would increase. The ‘experience 
base’ would shift from ‘individual resource 
experience base’ to ‘organisational experience 
base’ if the digitalisation strategy is adapted. 
The impact of such digitalisation would widen 
the gaps between world leading CE firms and 
‘also ran’ firms.

2.5. Stake Holder Collaboration Tools

 The COVID-19 pandemic has already influenced 
the way in which stakeholders collaborate. The 
CE activities need collaboration for sure, but it 
no longer means that stakeholders must travel a 
distance to come together to collaborate. They 
can virtually meet, exchange ideas, review, 
debate and collaborate. That development has 
already started blurring the professional and 
personal lives. It is however a serious matter as 
it directly affects the wellbeing at an individual 
level as well as at family, organisation and 
society levels. The topic would continue to 
attract research efforts.

 The hitherto function of Project Manager would 
also change. As the data would be available in 
the digital form and various off the shelf or 
custom-made software would provide near real 
time project visibility to all stake holders, the 
focus of PM would become more of stakeholder 
management. The soft skill demand and 
expertise in KM management would become 
necessary tools in a PM’s arsenal.

 Thus, technical advancements would continue 
to influence all aspects of CE business and 
hence reskilling of resources and retooling 
of the processes and systems would become 
a continuous affair. How a CE firm handles 
technology would depend a lot upon the firm’s 
culture. The systematic efforts to redefine 
organisational culture towards adapting 
technology advancement would become 
essential.

3. CE Business through Knowledge Based View 
(KBV)

 Grant R. M. (1996) argued that the purpose of the 
organisational existence is twofold. One is creation 
of knowledge and another is application of the 
knowledge. Organisational existence, sustenance 
and growth can be articulated with the help of 
Knowledge Based View (KBV). Refer Figure-3 
below.

 Figure 3: Knowledge Management Framework

The framework of KBV considers Knowledge as a key 
ingredient that influences organisational positioning and 
differentiation. Identification, Generation, Acquisition, 
and Deployment are the four phases of Knowledge 
Management. It is essential to pay attention to each of 
these phases. The Customer knows about his products 
and services, the Vendors know about their products and 
services. The knowledge of the Consulting Engineer 
is crucial not only in terms of technology and domain 
that exists within the firm but also the Consulting 
Engineering firm’s ability to combine all these different 
knowledge bases to provide superior engineering 
solutions within applicable codes and standards. The 
technical advancements in the collaboration tools are 
enabling design documents, drawings, schedules and 
plans to be worked upon and reviewed jointly by the 
teams spanning across the globe.
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The importance of KBV as applicable to Consulting 
Engineering could be illustrated with an example of 
a speciality chemical plant. Assume that the customer 
is an established player and understands the market 
positioning of the product. The customer has experience 
in operating such plants and has ability to shore up the 
finances. He also has market positioning and branding 
to attract the necessary talent. There are Vendors who 
are in the business of providing products and services 
that are needed to set up such plants. The Vendors 
have knowledge about their products and services and 
understand the competitive landscape in that space. 
They also have a working knowledge of a section of 
the specialty chemical plant to which their products 
could be deployed. Is that all enough? The Customer 
and the Vendor are the two Knowledge Islands and that 
is where the Consulting Engineer comes into play. The 
Consulting Engineering organisations have years of 
experience in working with similar customers operating 
in the same space beside having organisational 
knowledge in working with other industries. Consulting 
Engineers also have a large knowledge repository 
of vendors’ products and services operating in a 
competitive environment. Besides, it is the Consulting 
Engineer who can understand the applicable codes and 
standards and have the capabilities and experience to 
perform the tasks.

The fact that Consulting Engineering firms are 
knowledge firms, their ability of knowledge generation, 
absorption, transmission, and deployment becomes of 
paramount important. The technological advancement 
affecting all phases of Knowledge Management thus 
becomes a means to serve the Knowledge Management 
purpose. Refer Figure-4 

3.1.	Ensuring	Differentiation	Despite	Use	of	Similar	
Technological Tools

The Knowledge discussed above is ‘explicit 
knowledge’ as it can be documented/ codified, stored 
and distributed. The question is, if that be the case – 
how can a Consulting Engineering firm maintain its 
leadership in Knowledge if such codified knowledge 
becomes easier to copy and replicate by a competition?

The Electronic Document Management systems 
(EDMS) are aiding various Knowledge phases. Artificial 
Intelligence and rule-based systems are helping new 
knowledge generation, storage and deployment. 
The cloud-based systems are enabling knowledge 
sharing during all phases of Knowledge Management. 
In all, technological advancements are impacting 
organisational Knowledge Management systems and 
practices. However, such a high impact of technology 
also poses some dilemmas. If the Knowledge gets easier 
to transfer, it could drain out the Knowledge Repository 
as competitors would easily copy and that would 
adversely affect the organisation’s ability to differentiate 
itself. If the Knowledge is viewed as a dynamic activity, 
then Knowledge generation and acquisition should be 
looked more closely than worrying about Knowledge 
transfer. If the organisation has ability to accelerate 
Knowledge generation and acquisition faster than 
Knowledge transfer, then depletion of Knowledge 
would not be a concern. There are options in terms of 
Intellectual Property Rights to safe guard organisational 
knowledge. Refer Figure-5 below.

Figure-4: Consulting Engineer, the Centre of Action
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 Figure-5: Organizational Knowledge Repository 
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While Explicit Knowledge can be codified, Tacit 
Knowledge stays with an individual or group and 
within an organisation as it cannot be easily codified. 
However, the way the latter was generated and used 
can be recorded for posterity and serve as a beacon. 
With the proliferation of social media and intelligent 
algorithms, the hitherto last bastion of Knowledge 
too is not immune to proliferation. New technology 
has started influencing depletion of Tacit Knowledge, 
hence adequate checks to arrest such proliferation are 
also becoming necessary.

With Consulting Engineering being considered as a 
‘knowledge business’ technological developments can 
be effectively deployed to help them grow and add to 
the Knowledge Bank.

4.  Conclusions
The advancement of technology is driving a race 
towards achieving more at a lesser cost with a faster 
pace. Most of the services that CE firms provide impact 
almost all phases of project lifecycle. That is where the 
seeds of efficiency, cost effectiveness, environmental 
friendliness, etc are sown. The technological impact 
on overall businesses and personal lives have been 
unprecedented and have been the subject of research. 
This paper puts the argument that CE business is a 
‘knowledge business’. Instead of analysing the impact 
of different technological tools on various CE services, 
the paper discusses impact of technology on CE firm’s 
Knowledge Management. The biggest capital for 

any CE firm is its organisational knowledge, which 
rests with people and processes. While codification 
of explicit knowledge through processes provides 
scalability to a firm, it also exposes its treasure trove 
to competition. On the other hand, although the ‘tacit 
knowledge’ is well preserved from competition as 
it rests with an individual or a group, it cannot be 
adequately leveraged. When individuals move out of 
the firm so does individual tacit knowledge. The fear of 
losing both explicit and tacit knowledge is real, and the 
paper argues that better approach is to enhance the pace 
of knowledge generation and acquisition. It is the way 
to help CE firm remain competitive and relevant. 

The methodical surveys to capture the views of subject 
matter experts can provide rich data. The qualitative and 
quantitative analysis of such data can provide pointers 
to CE firms to take steps to stay competitive.

5.  References
1) World Economic Forum, “Top 10 tech trends that will 

shape the coming decade, according to McKinsey”, 
weforum.org/agenda/2021/10/technology-trends-2021-
mckinsey/ 

2) Wiener, M., & Saunders, C. (2014). Forced coopetition in 
IT multi-sourcing. The Journal of Strategic Information 
Systems, 23(3), 210-225.

3) Grant, R. M. (1996). Toward a knowledge‐based theory 
of the firm. Strategic management journal, 17(S2), 109-
122.



10 DECEMBER 2021

PAPERPAPERStakeholder Engagement in PPP Projects

Redesigning the 
Engineering Office

K. Sahasranaman
Freelance Consultant

Prologue
The crucial differentiator between engineers and 
scientists is time. Engineers are required to provide 
time-bound solutions that are cost effective and 
safe. Nowhere is that more evident than in project 
engineering offices, where teams grapple with tight 
budgets of cost and time to come up with economic, 
safe and reliable designs which are fit for purpose. The 
ongoing pandemic has not only disrupted our lifestyles, 
but has also upended several business practices. 
Among the many fallouts of the pandemic, three items 
are particularly noteworthy. First, the widespread 
adoption of “Work from Home”, making it near-
ubiquitous in many businesses. Second, the heightened 
awareness about the mental wellbeing of individuals. 
Third, the growing clamour for ESG (Environmental, 
Social and Governance) investing. These three “new-
normals” are collectively reshaping almost every 
business. Project engineering companies cannot be an 
exception since they are part of the larger value chain 
of businesses in the manufacturing or service sectors. 
In fact, because of their unique business models, 
they are very well positioned to take advantage of 
many of the new-normal rules and practices. Project 
engineering companies would also be called upon by 
their customers to deliver solutions that live up to new 
metrics of circularity and sustainability. 

Work from Home
The work of an engineering design company is 
generally not rocket science, but requires voluminous 
work, which at times could be repetitive, to be done 
in the shortest possible time at lowest cost. Time is 
of essence. Work from Home (WFH) ushered-in and 
institutionalised by the pandemic offers many benefits 
to engineering design companies, who have already 
been experimenting with various types of flexitimes 
over the past few decades. WFH allows engineering 
companies, that are mostly clustered in metro cities, 
to cast their net wide and hire talent at lower cost from 
tier-2 and tier-3 cities and even smaller towns. That 
also helps capacities to be ramped up and downsized 
speedily. Companies that have been paranoid about 
outsourcing their work for reasons of security and 
quality have already realised that they had to change 
tracks. With the digital environment, it is possible to 
build the necessary security barriers even for remote 
working. After the initial glitches, productivity too has 
improved with many employees contributing at least 
part of the time they save by not commuting to work. 
WFH also eliminates micromanaging and the focus is 
now on the outcome rather than the process, though the 
latter is important to be maintained to ensure quality 
and reliability.  Besides, there are immense benefits for 
the well-being and mental health of employees. 

03
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The writer has a recent personal experience of WFH 
for supervising the Basic Engineering of a specialty 
chemicals project. Spread over a period of 6 months 
that required only 250 manhours. In the past such 
services would have been requisitioned by hiring an 
expert for the entire duration of 6 months. The cost 
savings are obvious. WFH opens up such opportunities 
for engaging experts on per-diem or even hourly basis 
to provide niche solutions. In today’s times, such 
experts could be anywhere in the world! 

WFH enables engineering design firms to save on 
rentals and estate maintenance, a significant part of 
their operational costs. More importantly it helps them 
to reduce their carbon footprint. Taken together with 
the reduction in the personal carbon footprints of their 
employees who don’t have to commute to work, these 
companies can now bolster their ESG credentials in the 
new market place where major companies would want 
their entire supply and service chain to be “green”.

Designing for Sustainability
There used to be a time when cost was the primary 
consideration in design. As competition matured, 
other distinguishing features like user friendliness, 
energy efficiency, safety and aesthetics began to 
make their impression. The widespread awakening of 
environmental consciousness brought to the forefront 
the concept of waste minimisation and recycling. All 
these attributes have coalesced under the umbrella of 
sustainability. Concepts like “sustainable by design” 
are beginning to take roots. It is now imperative to 
treat the entire project holistically and ensure that 
sustainability is woven into each phase of the project. 
Particularly important for engineering projects, where 
the final outcome is a physical asset, are the principles 
of circular economy. The three precepts of circular 
economy that need to be complied with during the 
design and engineering phases of a project are:

• Extended service life

• Use of less material

• Ease of reuse and recycle

On the face of it, these principles appear simple and 
easy to implement. But the challenge is that they can 
contradict each other. For example, to extend the service 
life of an asset we may need more material. Designing 
for circular economy thus needs careful considerations 
of many underlying factors. A case in point is the 
specification and design of concrete structures, which 
are ubiquitous in every project. 

Specifying Concrete
Concrete is a unique material in the sense that its 
constituents can be altered by the specifier to obtain the 
desired performance outcomes, while at the same time 
meeting the principles of circular economy. Concrete 
is the second most consumed material in the world, 
next only to water. Twice as much concrete is used in 
construction than all the other materials combined. The 
key ingredient in concrete is cement and the cement 
industry accounts for 8% of the global emission of 
carbon dioxide. Embodied carbon of a material is 
its carbon footprint during its journey from cradle 
to grave. Embodied carbon is getting considerable 
attention from both industry and the government with 
the growing realisation that it will account for 50% or 
more of the carbon footprint of all new construction 
from now till 2050. Unlike operational carbon which 
can be reduced by implementing energy efficiency 
measures, embodied carbon cannot be reversed after 
the design stage. Concrete and hence cement are the 
biggest contributors to the embodied carbon in built 
environment. Several leading organisations including 
the World Green Building Council have embarked on a 
mission to reduce embodied carbon in construction. At 
the recent COP26 in Glasgow, 5 countries – India, UK, 
Germany, Canada and UAE pledged to achieve net-
zero in major public construction of steel and concrete 
by 2050. One of the easiest ways of achieving that is to 
alter the specification of concrete at the design stage. 
Project sponsors would be under increasing pressure 
from ESG funds during this decade to implement 
measures for reducing embodied carbon during the 
lifecycle of an engineering and construction project. 
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Digitalisation
Engineering design companies are yet to reap the benefits 
of Industry 4.0 that are ushering in big transformations 
in the manufacturing sector. Digitalisation offers many 
tools that can be used by engineering design companies 
to offer value added services to their clientele. Arguably 
the most exciting among them is 3D printing. 3D models 
maybe directly transferred to the fabricator obviating 
the need for 2D construction drawings. Plants can be 
3D printed in modules at multiple locations, which 
can be then brought together at the site for completing 
the assembly. That would not only save time but also 
reduce material wastage. While Virtual Reality (VR) 
and Augmented Reality (AR) have been employed with 
great success to review models, they have not yet been 
used to develop and construct models. Engineering 
designs are often repetitive and make use of successful 

designs from the past. It should be possible to use 
AI and ML and leverage this in a smarter and faster 
way. Another promising prospect is the construction 
of digital twins of the plant. Such digital twins would 
help the clients in managing their assets during their 
lifecycle facilitating their repair, recycle and reuse in a 
sustainable manner. 

Epilogue
The impending transition to clean and green energy 
has been accelerated by the ongoing pandemic. It is 
disrupting businesses in totally unexpected ways. It 
is important for engineering design companies to ride 
on this momentum and deliver innovative solutions at 
speed to pave the way for a more sustainable future. 

Industry 5.0 Implementation: Opportunities and Challenges
Author : Dr. Naveen B R, Interdisciplinary Researcher and Lok-Sabha Research Fellow
Industry 5.0 has the potential to make India a smarter manufacturing hub
Date : 27/12/2021

Introduction
Industry 5.0 is all set to take the stage when Industry 4.0 is still 
gaining popularity and yet to get matured. Industry 5.0 is regarded 
as a fifth industrial revolution in which consumers could satisfy 
their individual requirements as per the tastes and expectations. 
Although the repetitive tasks are done by robots in industry 4.0 
which is at the mass customization level, industry 5.0 aims to 
perform mass personalization with help of Artificial Intelligence. 
Industry 5.0 is expected to revolutionize the production process 
with higher autonomy to collaborative robots. Industry 5.0 is the futuristic industrial revolution which 
is expected to bring in more creativity and innovation in the products by allowing robots to perform 
repetitive tasks. It is expected to utilize the creative intellectual capability of humans optimally. Moving 
from mass production to custom manufacturing at the moment, the need for today’s sector is fast progress 
in manufacturing techniques and production system digitization and intelligentization (Vaidya et al., 2018).

Source: https://indiachapter.in/index.php?/user/article/2/2,4,6,10,17,45/121
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Introduction
The Consulting fraternity forms a part of the Service 
Industry which contributes to around 50% GDP of 
India and is thus a major driver for the overall economy 
and growth of the nation.

Consulting can be broadly defined as service of 
an advisory and intellectual nature provided by an 
individual or a firm, by using their professional skills 
to study, design, organize and manage the project 
encompassing multiple disciplines and activities.

Consultants are an extended arm of the client to 
manifest and realise the client’s project goals, which 
includes time, budget, energy & water efficiency, legal 
& specialist advice, social & environmental impacts 
and ROI.

The Consulting industry in India has its roots from 
1960s and is now a mature industry driving almost all 
sectors like Infrastructure (power, water & wastewater, 
stormwater drainage, transportation, etc.), Buildings, 
Healthcare, Hospitality, Mining & Metallurgical, 
Communications & IT, Data warehousing, to name a 
few.

Traditional role of Consulting Engineering

In the past, the role of the consultant was rather limited 
to helping client predominantly for technical matters 

and tasks. Thus, the engagement period used to be task 
based and hardly matched with the complete life cycle 
of the project. However, with the Project footprints 
and complexities having drastically increased over 
the last few decades, it has changed the dynamics of 
the consulting industry and expectations from it have 
increased multifold. It encompasses not only technical 
or design tasks, but has expanded to feasibility studies, 
statutory permitting, finance, design, energy-water 
optimisation, contractor selection, quality control, 
commissioning and hand over, predictive maintenance, 
operations and beyond.

In order to cope up with these challenges, the 
consulting industry had to respond by upgrading the 
techniques, delivery models, resources, knowledge 
and communications. Failure to do so had obvious 
consequences like loss of business opportunities, 
eroding margins and reputation. This was starkly 
brought out by the pandemic conditions and the 
consequent lockdown.

Changing Technologies
The Consulting industry which had been moving rather 
slowly towards digitalisation, was virtually compelled 
to change course overnight and adopt many new 
solutions to cope with the new challenges. Some of 
them were soft measures, while others were technology 
driven.

04
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1.1 Soft skills & Continuous Professional 
Development

 Consulting organisations have realized the 
necessity of their employees having good soft skills 
and are therefore devoting considerable amount of 
time and money towards soft skills like effective 
communication (written and verbal), upgradation of 
technical knowledge, getting hands on experience, 
etc. It is a well known fact that the level and quality 
of communication is one of the major attributes 
of a firm’s reputation. For example, a mail 
communication written by a Project Engineer – if 
it contains grammatic errors, could be inconclusive 
or convey an incorrect message and could also be 
open ended, which could create a negative impact 
of the firm’s image.

 Organisations are therefore realising the importance 
of imparting internal and external training in 
communication skills. Employees with excellent 
communication skills and a positive go-getting 
attitude usually climb the ladder faster.

 Technical knowledge and upgradation are 
prerequisite for a Consulting Engineering firm 
to sustain and grow. Hence, the consulting 
organisations, especially the bigger ones, are 
particular in imparting technical training on a periodic 
basis to their employees. Many large organisations 
subscribe to international portals like IHS, which 
gives access to all latest national/ International 
standards like ASHRAE, 
AHRI, BS-EN, ASME, 
ASTM, etc. The portals 
enable a person to keep 
abreast of the research 
and development all 
over the world in the 
area of interest. That 
has a creative effect 
on design delivery of 
the firm in terms of 
innovative designs which 
meet or exceed client 
requirements.

1.2  Feedback for Continuous Improvement

 An area that requires 
attention in the consulting 
industry is the feedback 
mechanism. Once the design 
is done and implemented 
at site, feedback in terms 
of system and equipment 
performance, energy 
efficiency and other technical attributes are essential 
for improving the same when being done the next 
time. The Consulting industry has started realising 
that there is a lack of feedback mechanism and 
are taking welcome steps to correct the situation. 
Those involve interviewing facility management 
teams in terms of operation of the structure, plant 
& equipment of various systems, collecting and 
analyzing data from Building/ Plant Management 
System and audits of working installations. That 
gives valuable realistic data, which can be readily 
used as an input for making improvements in the 
next project. For example, a commercial building 
or an IT building functioning for say 3-4 years can 
give valuable data like energy consumption (W/
ft2), EPI (kW.hr/ft2/year), Air conditioning peak 
load (ft2/TR), water consumption (Lt/person), etc. 
Those can be used for the next project of a similar 
type, instead of again making assumptions, which 
are often on the higher side and result in oversized 
systems - which are not only costly but also less 
energy efficient.

1.3 Technology driven initiatives

 The advent of the digital era revolutionised the 
overall delivery mechanism of consulting firms. 
Digital platforms provide excellent opportunities 
for teams to exchange ideas, collaborate, co-
ordinate and deliver quality outputs.

1.3.1 Energy optimization algorithms

 Optimisation in electro-mechanical systems 
is one of the creative examples of digital 
computational usage. It is an established fact 
that equipment selected for best efficiency 
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levels for the actual site conditions (outdoor 
temperature, humidity, occupancy and 
equipment schedule – in case of central Air 
conditioning system) would yield the best 
energy and water efficiency. In order to achieve 
that, accurate prediction of year-round ambient 
conditions, actual hourly cooling load and 
performance of equipment at varying imposed 
conditions are essential. The modern ASHRAE 
algorithms based on Heat Balance Method 
are best suited to predict that and they match 
closely with the actual behavior of the building 
and the systems.

 Consulting firms now use analysis and design 
software based on Heat Balance method to 
optimize the energy performance of the design. 
The algorithms can accurately predict Demand 
Cooling Load considering heat storage ability of 
the objects, effect of short wave and long wave 
radiation and equipment loading schedules.

 Once accurate cooling loads are established, 
the next step would be to decide on the best 
equipment configuration. Algorithms have 
inbuilt performance decoders of various 
equipment based on complex bi-quadratic 
equations. These equations help conversion of 
a variable, inspite of its complex dependency 
on other related variables. A few examples 
of some converging equations are those for 
chillers, cooling towers and pumps.

 1.3.1.1 Chiller

 The equations provide predicted 
performance of chiller at various loading 
conditions and at varying ambient 
conditions.
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 1.3.1.2 Cooling Tower
 The performance of a cooling tower is 

a complex function of ambient wet bulb 
temperature and water flow parameters 
(temperature, range and flow rate). 
The algorithm can predict the hourly 
performance of the cooling tower in 
conjunction with the operating parameters 
of the chillers selected.

1.3.2 Integrated Approach

 A Project involves many different trades and 
tasks – planning and design for Architectural, 
Structural, Interiors, Mechanical, Electrical, 
Fire Protection, Plumbing & Sanitation, 
Communications & Controls, Acoustics, CFD 
systems and many others engineering streams. 
All these have to be judiciously juxtaposed so 
that there is effective inter trade co-ordination 
which is key for the success of the project. 
Any lacunas in their co-ordination would mean 
added cost and time for the project along with 
quality compromises in the built environment.

 Earlier 3D Modelling was being done mostly 
for Oil & Gas, Chemical & Industrial Plants and 
the like, however, with the availability of 3D 
Modelling software incorporating architectural, 
structural, MEP, etc. and linked to their analysis 
and design software, more and more Consulting 
Engineers are providing an integrated approach 
to clients, wherein all trades and tasks are 
carried out by the consultant in-house. That has 
reduced the co-ordination efforts of the client 
who has to co-ordinate with only one agency 
and that lets the client focus on other critical 
aspects of the project like permitting, phasing, 
financing, etc.

 Many consultants are offering a step beyond 
integrated design delivery by providing Project 
Management Services for all stages of the 
Project. In such cases, the Consultant becomes 
the largest stakeholder for the overall project 
delivery.

 As the size and complexity of projects is 
increasing day by day, consultants offering 
integrated approach would find more 
opportunities to offer sustainable integrated 
solutions.

3.3.3	Building	Information	Modelling	(BIM)

 Globally, the built environment sector is 
experiencing a remarkable development in 
the form of Building Information Modelling 

 1.3.1.3 Pumps
Consulting organizations are adopting 
digital systems to provide quick solutions 
using the algorithms and that helps to 
enhance energy and water usage of the 
system, thereby reducing the carbon 
footprint.
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(BIM). BIM can be developed with a project 
from concept to commissioning to operating 
and even to de-commissioning at the end of 
useful life. It is the most modern digital tool 
which helps project during its complete life 
cycle. BIM can optimise material usage, 
reduce inter trade clashes and upscale energy 
efficiency due to optimised planning. BIM can 
aid in construction management by linking 
parametric data with time.

 Once the project is constructed and 
commissioned, it is usually taken over by an 
operation team. One of the herculean tasks of 
the Ops team is to do Asset Management and in 
that BIM can effectively them since the objects 
in the digital model are coded to attributes 
like make, model, year of production, critical 
dates for routine maintenance, part replacement 
schedule, etc. 

Conclusions

 The time data is used to simulate planned 
construction in an animation which thus gives 
4-dimenstional information, allowing efficient 
planning of resources, material movement 
and equipment utilisation. It can help identify 
the most time efficient and cost-effective 
construction processes to be adopted for 
construction and also help mitigate risks.

3D/ 4D platforms have now become the standard 
tools for Projects in all sectors. They help Consulting 
Engineers address and take up newer challenges 
especially with the increase in size and complexity of 
projects. They enable better documentation, sequencing, 
cost and time control plus provide the correct as-built 
digital model with attributes for each element. Client’s 
requirements are pushing consultants to adopt newer 
delivery mechanisms provided by digital technology. 
Artificial Intelligence (AI) has also made inroads in a 
number of areas and would contribute to the improving 
the delivery of Projects by the Consulting Engineers.
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Changing Landscape of Knowledge 
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Introduction
Tom H. Davenport, a distinguished Professor at Babson 
College, has defined Knowledge Management (KM) 
in 1994, as “the process of capturing, distributing, and 
effectively using knowledge.”

American Productivity & Quality Centre (APQC) 
defines it as a “Collection of systematic approaches to 
help knowledge flow to and between the right people at 
the right time (in the right format at the right cost) so 
they can act more efficiently and effectively to create 
value for the organization”.

Every organisation adopts certain approaches to 
develop KM programs depending on the knowledge 
flow network, business needs and objectives. These 
approaches are aimed at creating collaborative work 
environment to gather and enhance knowledge base and 
make it available seamlessly across the workforce.

This article focuses on the significant role of technology 
in changing the KM practices landscape (Digitisation 
of Information and Knowledge) in any project-based 
consulting organisation spread across the geographies.

Why KM?
The first requirement to understand why KM is 
necessary? As mentioned earlier, KM is a process to 
make the right knowledge available to the people at 

the right time, so that right decisions and actions are 
formulated. It is to ensure that the organisation can learn 
from and use its knowledge to improve performance, 
create value and tide over the business disruptions.

The two types of knowledge areas i.e. Explicit and 
Tacit knowledge are core of KM ecosystem. Explicit 
knowledge is formalised and easily codified. It is found, 
among other sources, in databases, documents, books, 
codes, reports and notes. Whereas Tacit knowledge 
exists in the human mind and gained from years of 
experience and practice.

There could be many reasons that trigger the KM drive 
in organisations, such as:

a) To codify the know-how and experience of 
superannuating or separating employees i.e. 
Converting Tacit knowledge to Explicit Knowledge.

b) For quick onboarding of lateral recruits.

c) Strategic restructuring of the organisation to 
eliminate the verticals or silos for effective cross-
function knowledge transfer and collaboration.

KM programs with robust governance structure go 
beyond their initial needs to identify and create new 
competencies to cater to current and future business 
needs and add value to the customer and other 
stakeholders.

05
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Broadly, KM programs in are driven to meet following 
objectives. 

 y Continuous learning platform for individuals, 
Collaboration and integration of knowledge into 
daily work and actions, where new ideas are 
welcomed and rewarded.

 y Remove the barriers for effective knowledge 
creation and transfer among the workforce and also 
outside the organisation, as embodied in products/ 
services.

 y To integrate KM with Quality Management System.

 y Encourage knowledge sharing among workforce 
from different geographies where the sharing 
culture is less conducive.

 y Increase employee engagement and support 
retention.

 y To bridge the gap between Subject Matter Experts, 
Older and Younger employees and the lesser and 
more experienced employees.

 y Import state of the art practices, new processes, 
procedures and materials to be used for business 
and innovative solutions through interaction with 
external specialist agencies.

 y Avoiding duplication of ideas or re-inventing the 
wheel and increasing productivity.

 y Knowledge Management is a robust tool that 
connects the workforce to data, information, 
knowledge, expertise, etc. and creates a value chain 
across the functions including Business Excellence, 
Strategy, IT, HR, Finance, Legal, etc.

To meet the above KM objective, support from 
Information and Technology (IT) group is now an 
integral part of KM development because it helps 
in digitising i.e. producing, storing, managing and 
disseminating the information and knowledge.

KM Evolution in Project
Having understood the objectives of KM, it is imperative 
to see how KM has evolved over the years in consulting 
organisation. Explicit and Tacit knowledge are core of 

the KM ecosystem. They were used in project execution 
in the earlier days for generating and issuing the project 
deliverables in the hard form such as calculations, 
letters, faxes, reports and drawings. The knowledge 
gained during project execution resided in the human 
minds and the project documents which were physically 
stored in the central repository of the organisation with 
a proper tagging and coding procedure for easy and 
quick retrieval. 

The seniors in the organisation used their memory to 
share their project experiences verbally in the group 
meetings. The drawings were printed on tracing 
paper which were stored for long term usage. Manual 
intervention was needed for document retrieval. As the 
technology advanced, the tracings were converted to 
microfilms which could be stored in a smaller space 
with proper codes. The tacit knowledge (including 
best practices) was lost due to either superannuating or 
parting employees as there was no structured system 
to codify this knowledge. Moreover, the knowledge of 
SMEs located at other geographical locations, could not 
be leveraged due to limitation of IT systems.

Various storage and recording mediums were used for 
knowledge storage & transfer as a result of technology 
advancements in the early 21st century in the Fourth 
Industrial Revolution. The “Off-line” knowledge 
systems were getting converted to “On-line” systems.

Knowledge storage and its transfer changed remarkably 
with the advent of computerisation, digital storage 
media, advancement of IT, availability of commercial 
software, telecommunication technology and the world 
wide web, which was “at the heart of this knowledge 
explosion”.

The consulting organisations adopted this technological 
shift in project execution and realised that the thrust 
on structured knowledge management was needed for 
identifying and bridging the gaps in the organisational 
knowledge. Electronic communication was used to 
communicate and share information and documents 
digitally. The drawings were generated using the 
commercially available software. Drawings boards 
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were replaced with desktops and later by laptops 
running CAD based drawing tools. Physical library was 
replaced with e-library to a large extent. The physical 
documentation gave way for document digitisation.

KM is now more focussed on formalising the learning 
from past experiences/ previous projects and making 
this knowledge accessible for current projects, with a 
view to improving quality and productivity of service 
offerings.

KM has primarily evolved through standardisation 
and automation i.e. creating design guides, standard 
specifications, checklists, standard drawings, templates, 
automation programs etc. of documents and processes 

which are required regularly for the project execution. 
Standardisation is a dynamic process and it keeps 
assimilating new knowledge and practices, removing 
the old and outdated ones and keeps updating with 
business changes with respect to the technology and 
practices. These documents are created with metadata 
of most commonly used terms, digitised and made 
available to all the employees through cloud servers 
with a friendly search facility.

Intranet is most widely used in sharing information 
securely across various functions in the organisation. 
The entire knowledge hub can be accessible through 
Intranet. Typical KM avenues are as depicted below.
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Knowledge Management practices are fundamental 
to the nature of work, productivity and growth in 
an engineering consultancy organisation. Project 
execution process from delivery perspective starts with 
a Job Commencement Meeting and ends with a Job 
Completion Report and these represent the two terminal 
points in project cycle documentation. The execution 
process is aided by reference documents from similar 
projects executed earlier, standard documents that 
consist of design guides, procedures, check lists and 
compliance forms, productivity enhancement tools 
for various disciplines, 3D Integrated engineering, 
libraries with digital access to codes and standards. An 
Electronic Document Management System (EDMS), is 
being used now a days to manage project documents 
through their life cycle and store project data received 
from customer, vendors and documents generated. 

Today’s KM is broadly supported on following 
technologies or platforms.

Key Drivers of KM in Future
Rapid changes in business landscape globally and 
significant advancement in technologies as well as 
technology disruption, requires agility with respect to 
productivity, decision-making processes and adoption 
of innovative approaches. This is possible only with 
appropriate management technique, concepts and tools 
that are easily implementable. The biggest challenge 
today is to remain competitive by providing value 
added and innovative solutions without impacting daily 
operations.

KM’s shall focus on providing answers to employee. 
Some of these answers may come from documented 
processes and best practices vetted by the SMEs. But 
most practical and useful answers often come from the 
experience of the people.

Organisations have opportunities and resources today 
to drive the digitalisation to locate the right knowledge 
assets including the SMEs. Organisations digitise the 
profile of SMEs expertise through web based social 
networking solutions such as Office 365 in the new 
exciting KM era.

The key drivers of the new KM era in value creation 
process and building a sustainable future are:

1.  Keep it Simple and Flexible

2.  Value Addition and Innovation Support to Business

3.  Agility and Evolution

4.  Digital Working

These are discussed in more details.

1. Keep it Simple and Flexible 

There is a constant need for both formal and informal 
expertise at any given point of time. The processes and 
technologies adopted by the organisations range from 
simple, directory‐type applications to web based work 
flow driven solutions. Despite the variety of approaches 
deployed by organisation, the ways in which the 
knowledge is leveraged are similar. KM frame work 
should be simple and include:

Organisation level 
communication 
and Coordination

e-mails, Presentations and 
Video Conferencing, Yammer, 
Office 365

Information 
Storage and 
Retrieval

Document Management 
System, Intranet, Cloud 
Servers, Internet, Videos, 
Presentations, SAP, e-Library, 
Online Subscriptions, Office 
365, White Papers, Technical 
Publications, Patents, etc.

Business 
Applications

Intranet, SAP, Cloud Servers

“The maturity of Knowledge Management is a result 
of industrial, economic and cultural developments”. 
Adding competitive edge to service offerings using 
explicit or tacit knowledge is a key to the positive 
change in success factors of business growth.

The development of information and communication 
technologies have helped in dissemination of knowledge 
quickly among the workforce within the organisation 
through various formal and informal mechanism.
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• A centralised portal that integrates knowledge 
repositories, supported by an enterprise search 
engine

• Web based applications with a flexibility to add and 
remove parameters as needed; and 

• Easy automated processes and analytics.

The enterprise search engine provides employees an 
ease of searching all the knowledge assets at the same 
time and a personalised interface that can typically infer 
what will be of interest to each employee.

Employees today are very familiar with using AI-
enabled tools like Alexa, Google Assistant or Apple Siri 
and expect a similar user interface at the workplace. 
Many organisations consider the employees as their 
internal users or customers and are driving user-focused 
improvements in KM platforms. A KM initiative is 
successful when users find it extremely friendly and 
collaborative e.g. cloud-based systems offer significant 
potential to improve the user experience of KM in 
addition to scalability.

The introduction of new tools such as integrated cloud 
platforms i.e., Microsoft Office 365 or Electronic 
Document Management System or cloud based 
integrated 3D platform make it easier and more 
intuitive for employees to create, share, and reuse 
knowledge. Similarly, a common knowledge hub along-
with enterprise search engine instead of individual 
KM avenues would help the users in accessing the 
knowledge easily.

Employees can access cloud-based systems from any 
internet-connected device. Moreover, cloud-based 
digital productivity and collaboration platforms include 
built-in AI and machine learning capabilities. Also, 
it is essential to explore other tools for data mining 
and visualisation to identify the emerging knowledge 
and help employees understand and process the 
organisational knowledge.

The leadership should also emphasise on the Content of 
the knowledge which is an essential factor improving 
the user experience in addition to the technology. 

Every knowledge element added in the system should 
be thoroughly reviewed by SMEs and well-articulated. 
Besides, it is very important to upgrade the existing 
knowledge considering the current and future business 
needs. A proper governance system should be in place 
for the content strategy of Knowledge Management. 
Hence, the blend of digital advancement and human 
intelligence would be the key for KM to successfully 
deliver results in the future. 

The organisation must ensure that neither the creation 
and dissemination of knowledge assets is hampered 
by managing too many tools and content nor spend 
the efforts that restrict the time the team can spend in 
developing and providing an innovative or a strategic 
roadmap.

The need of the time is to scale up KM to an enterprise 
level by socialising the KM tools in the work processes 
across the functions to create a self-sustaining system 
that facilitates collaboration among the workforce and 
seamless knowledge transfer.

2. Value Addition and Innovation Support to 
Business

Supporting the business through value engineering and 
innovation is one of the objectives of KM. A consulting 
organisation employs people, time, database, hardware, 
and software for its engineering works. There would 
be opportunities to develop various innovative and 
internal value-based work processes, leading to fewer 
resources and time for performing the engineering 
tasks. These value-added work processes also benefit 
the organisation by making the expertise available for 
more favourable outcomes, increasing the sustainability 
of the operations.

Futuristic KM driven organisations need to support 
the business by inculcating value addition and 
innovation culture to maintain an agile approach to 
project execution. The rapid evolution of technology 
as well as disruptive business models, have compelled 
organisations to be innovative. “Innovation is no longer 
a “nice to have” capability for consulting organisations 
because one innovative idea generated can be converted 
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in to a reality using systematically deployed KM 
approaches”. Every engineering organisation must work 
towards building an innovation culture and provide 
a platform for engaging all employees in its business 
collaboration.

“In traditional engineering consultancy work, while 
much of the engineering work is centred around 
complying with mathematical principles, statutory 
compliances and employing good practices, there 
is always scope for value engineering to provide 
improved engineering solutions design that benefits 
the owner/ customer beyond their expectations. The 
cost savings and additional value help the to free 
additional resources for further growth, thus creating 
a self-sustaining system that generates the resources it 
needs to grow through its operations and allows other 
engineering consultancy works to progress in a more 
sustainable manner”.

3. Agility and Evolution

The objective is to use the data for continuous 
improvement as needed, based on the user’s feedback. 
KM needs tandem working with IT and the digital team 
to align new technologies with user’s requirements and 
eliminate the hurdles in the knowledge flow.

The Electronic Document Management System where 
data of past projects is archived could serve as a 
springboard for a similar project in future with suitable 
modifications. The KM and IT team should work 
together and ensure that data of past projects is easily 
available. That would help to improve productivity 
significantly.

Integrating “people development” through KM by 
encouraging learning and managing talent is one of 
the important objectives. A robust competency map 
would help in identifying the gap in the organisational 
knowledge and implementing appropriate mitigation 
measures to acquire the required knowledge through 
a well-structured training program. The organisation’s 
skill index as well as an individual’s multi-skill index 
are a measure of a mature organisation and that is 

feasible only when such a competency map is in place 
and undergoes continuous improvement.

Each project has its associated learnings, value 
additions, innovations, etc. that can be leveraged for 
better performance in future projects. These project 
specific learnings; value additions or innovations 
are captured in Job Completion Reports (JCRs) in 
addition to the technical details. Every project-based 
organisation must have such online system in place to 
capture project learning with a quick and easy access. 
Project governance must ensure that the relevant data 
is captured well in time and archived for the benefit of 
others in future.

Every attempt should be to automate anything that can 
be automated to save time from routine mundane work 
so that the saved time can be utilised effectively in the 
value creation processes including finding new business 
areas. Such automation work also enhances flexibility 
and agility. The services should be productised 
and templatised in a manner depending upon the 
complexities and requirements. Strong KM governance 
facilitates such an automation process towards creating 
a sustainable future.

Partnering with industry and academia would also help 
in bridging knowledge gap in specific areas and long-
term association with such business partners would 
help in acquiring the knowledge gap.

4. Digital Working

The COVID-19 pandemic crisis forced organisations 
to adopt the remote working or “working from 
home” (WFH) culture. Organisations with strong KM 
governance could stabilise business operations in a 
very short time and tide over the difficult lockdown 
times. In the past, the organisations which were unsure 
about the effectiveness of WFH suddenly realised that 
business continuity could be maintained using various 
tools such as Zoom, WebEx, Microsoft Teams, etc. 
KM has adopted digitalisation to a great extent during 
pandemic. The future of KM would be the digital 
working and communities.
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Key Takeaways
Emerging technologies have an impact on way of 
working, business operations and the economy. 
The adaptability and implementation of emerging 
technologies is a journey consisting of experiments 
and improvements which largely depend upon the 
engineering innovation of the business processes and 
agility. Hence, it is necessary to build and leverage 
a robust KM landscape for developing the work 
processes as well as competencies which are future 
ready. “The KM process itself can benefit from new 
technologies like Machine Learning (ML), Artificial 
Intelligence (AI) and Natural Language Processing 
(NLP) which can organise the existing organisational 
data systematically”. These tools could help search 
the required information from the vast and dispersed 
database and help the engineers access the specific 
knowledge, process the information, apply it in the 
project context and achieve the desired outcome in a 
quicker and more reliable manner. The connect between 
KM and ever enhancing IT can study the impact of AI on 
digital workforce and create a sustainable environment 
and culture to strengthen the KM processes. The user 
satisfaction data can be analysed in future, as one of the 
Knowledge Management success factors.

The coming years will experience a shift in focus 
from storing, documenting, capturing information 
and knowledge to importance of the content, context, 
culture, people, social nature, collaborative knowledge, 
new knowledge, innovation; technologies, social 
media, big data and analytics, etc. The way forward 
is digitalisation of business processes and deploying 
Knowledge Management processes and procedures.
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Introduction
With digitalisation becoming an inseparable part of life, 
reliable quality and continuous power is a must. For 
that the power systems must function 24x7 without fail. 
However, operation of the modern power system in a 
safe, secure and stable manner is a challenge because of 
its complexity. Phasor Measurement Unit (PMU) based 
Wide Area Measurement System (WAMS) can facilitate 
overcoming the challenge by helping in monitoring the 
grid as well as initiating preventive/ corrective control 
actions after an evolving disturbance is identified. In 
addition, measurements from PMUs can be utilized 
for many offline processes like Capacitive Voltage 
Transformer (CVT) calibration, Current Transformer 
(CT) calibration, line parameter estimation, etc.

A pilot project which involved sparse and dispersed 
PMUs in the Northern Region was initiated by Power 
Grid Corporation of India Limited (PGCIL) in the year 
2009. Subsequently, Unified Real Time Dynamic State 
Measurement (URTDSM) project [1] was proposed in 
the year 2012. URTDSM envisages the deployment of 
around 1700 PMUs and 60 Phasor Data Concentrators 
(PDCs) to help in the stable and reliable operation of 
the Indian power grid. A unique feature of the proposed 
architecture is that every line would be monitored by 
PMUs from both ends. That facilitated the development 
of a whole basket of analytics which included 
monitoring, control and protection applications. In this 

article, various PMU-based analytics developed by the 
Indian Institute of Technology Bombay (IIT Bombay) 
as part of the URTDSM project are presented.

PMU-based Analytics
PMUs stream data at a high rate, e.g., 25 samples 
per second in a 50 Hz system (the rate can go upto 
50 samples per second). Such a huge amount of data 
can easily overwhelm operators at the Control Center. 
Hence, there is a need for analytics which can extract 
patterns and useful information from the data. The 
analytics can be divided into the following types

• offline: CVT/ CT calibration, line parameter 
estimation

• online: monitoring applications, state estimation

• real-time: control and protection applications

The offline analytics help to identify system 
vulnerabilities by analyzing archived PMU data. On 
the other hand, the real-time analytics attempt to bring 
out the most vital signatures of evolving grid dynamics. 
That provides improved situational awareness to 
the operators and helps them in taking preventive/ 
corrective control actions.

The following analytics are being developed and 
deployed in the Indian power grid by IIT Bombay.

06
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a) Online Vulnerability Analysis of Distance Relays
b) CVT/CT Calibration
c) Line Parameter Estimation
d) Linear State Estimation
e) Supervised Zone-3 Distance Protection
f) Emergency Control Schemes

State transmission utilities like Gujarat Energy 
Transmission Corporation Limited (GETCO) are 
also using analytics such as Online Oscillation Mode 
Identification, Voltage Stability Monitoring, and Hybrid 
State Estimation developed by IIT Bombay.

A. Online Vulnerability Analysis of Distance 
Relays

Transmission system protection relays are biased 
toward dependability and their settings are made 
sensitive to detect even the weakest faults. This setting 
philosophy may sometimes make relays vulnerable to 

false operation during a remote fault or when the system 
is highly stressed. A relay that is set properly for one 
network condition may become vulnerable to undesired 
tripping when network conditions change.

Figure-1 is a screenshot of the vulnerability detection 
analytic that was developed. The application works in 
an online monitoring mode or offline mode. The idea 
is to obtain relay characteristics from actual relays and 
model the same in a simulated computer environment. 
The WAMS measurements are obtained for a situation 
when a fault event occurs or when the system is deemed 
to be weakened. The events are then replayed to the 
simulated relays and it is checked whether there is any 
risk of the relays starting and operating. A Vulnerability 
Index is then computed where the vulnerable relays are 
ranked based on their risk. The vulnerability of relays 
can be continuously checked during stressed conditions. 
That exposes hidden failures of relays before they can 
cause any bigger damage to the system.

Figure-1: Screenshot of vulnerability analysis of distance relays analytic.
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This analytic could have alerted the system operator of 
the impending false trip of the Gwalior-Bina line which 
initiated the Indian grid blackout of 2012.

B. CVT / CT calibration

Instrument Transformer (IT) calibration problem is 
becoming increasingly relevant because PMUs have 
eliminated dominant time-skew errors prevalent in the 
power system. Most of the EHV Voltage Transformers 
(e.g., 220 kV and above) in the field are CVTs. It is 
now a well recognised fact that Instrument Transformer 
(and in particular CVT) parameters and hence accuracy, 
drift and deteriorate with time, temperature and 
environmental conditions.

The voltage and current inputs to PMUs are obtained 
from the Voltage and Current Transformers connected to 
the primary system. There are usually some systematic 
measurement errors in these ITs. The true value of the 
signal equals the Ratio Correction Factor (RCF) times 
the measured value.

Calibrating ITs is a challenging problem because neither 
can they be disconnected from the system once put in 
operation for the purpose of calibration nor is it easy 
to transport calibrating equipment in the field. Added 
logistical complexity is the number of devices in the 
field which require calibration which could easily be in 
a few thousands.

Figure 2a shows actual PMU field data from a 400 kV 
substation. It shows that noisy data is present in one of 

the PMUs of phase A. There is also significant data loss 
which can adversely impact protection and emergency 
control schemes.

Figure 2b shows PMU field data obtained from an 
adjacent substation to the 400 kV substation on February 
19, 2014. It shows that the measured phase A voltage 
varies from 1.005 pu to 1.04 pu. This emphasizes the 
need for calibration of CVTs.

The following two estimation problems from 
synchrophasor measurements are considered [2], [3]: 
first, ‘soft’ calibration of instrument transformers i.e., 
Current Transformer (CT) and Capacitive Voltage 
Transformer (CVT) and second, estimation of positive 
sequence line parameters. IIT Bombay has developed 
Open Circuit (OC) tests to accurately estimate phase-
wise ratio correction factors of Instrument Transformers. 
This         method requires just one set of accurate CT and 
CVT to calibrate all the other ITs in the system. After 
calibration of ITs, the line parameters can be estimated 
with corrected voltage and current measurements. In 
order to validate OC tests on actual field data, a small 
test set up was built around two substations, namely 
Manesar and Neemrana. Line-1 of Manesar-Neemrana 
was selected as the candidate line for this testing. The 
data was measured through M-class PMUs at both the 
ends and connected to measurement core of CTs. It was 
ascertained that both end PMUs were time synchronized 
with GPS time signal. The procedure for the test is 
discussed below.

Figure-2: PMU Field Data of phase A at (a) 400 kV substation (b) its adjacent substation.
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1)		CVT	calibration

Consider an unbiased CVT or CVT with known 
calibration factors at the sending (Manesar) end of 
a transmission line. As shown in Figure-3, further 
consider the situation that at the sending (Manesar) end, 
the transmission line is open circuited.

Figure-3: Two bus system with the sending end open.

The experiment was repeated by opening the circuit 
breaker at the receiving (Neemrana) end and closing the 
circuit breaker at the sending (Manesar) end as shown 
in Figure-4.

Figure-4: Two bus system with the receiving end open.

The expression for RCF of phase A is given by,

where Kvr is the RCF of phase A for receiving end CVT.

CT calibration can also be carried out in a similar 
manner.

Presence of bias in a CVT/ CT is identified using the 
Bias Error Detection (BED) test. It is based on a dB 
score, which is defined as

where, MAD is the Mean Absolute Deviation.

Figure-5: Distribution of Errors in dB scale.

The BED test was conducted on Itarsi-Jabalpur line and 
Manesar-Neemrana line. The Itarsi-Jabalpur line is an 
old line whereas the Manesar-Neemrana line is a newly 
commissioned line. Table I shows the dB scores obtained 
for those lines. From Figure-5, it can be seen that the dB 
score of Itarsi-Jabalpur line falls on the right hand side of 
-60 dB. That implies the presence of bias error whereas 
the Manesar-Neemrana line has no bias error.

Transmission 
Line

Itarsi-Jabalpur Neemrana-Manesar

Time Interval dB score dB score
2 minutes -47.8027 -64.4887
5 minutes -50.3197 -64.7522

10 minutes -50.9230 -63.9615

Table- I: BED Test using Field Measurements

C. Linear State Estimation

With the deployment of a large number of PMUs in the 
system, linear state estimation [4] is possible. Linear 
state estimation has the following advantages over 
conventional SCADA-based state estimation.
• There is no time-skew error as in SCADA 

measurements.
• It is very fast. System states can be obtained every 

20 ms (if 50 PMU samples are obtained per second).
• The equations to be solved are linear. Hence, there 

is no issue of convergence.
• As the method is linear, the results obtained are 

accurate.
• Pseudo measurements do not need to be used.

Figure-6 provides a screenshot of the linear state 
estimation analytic which shows the measured voltages 
at four substations along with their estimated values. 
The linear state estimator provides a time-series of 
voltage phasors unlike the conventional state estimator. 
This feature is very useful in real-time control.
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The methodology adopted for linear state estimation is 
explained as follows.

The synchronized voltage and current phasor 
measurements obtained from PMUs are prone to errors 
due to the inherent inaccuracies associated with CTs 
and CVTs. These inaccuracies are generally modelled 
as zero mean noise with appropriate variance. Smaller 
the variance, more accurate is the measurement.

The linear state estimation problem is formulated as,

Or equivalently

where, V¯ m, ¯ Im represent measured phasors, V¯ a are 
actual voltage phasors and ¯ϵ	represents the error.

Now, the job of the state estimator is to provide 
estimation of voltage phasors by filtering out the effect 
of noise. Least squares technique leads to the following 
estimation

where, M+ = MHM −1 MH is Moore-Penrose pseudoinverse 
of matrix M. For an observable system, matrix M has full 
column rank and hence, MH M is invertible.

Sparse QR factorization technique based on Givens 
rotation [5] is used to solve the above equation because 
of its computational efficiency and numerical robustness.

Along with the above core computation module, an 
observability analyzer and network topology processor 
are required to have a full-fledged robust state estimator.

D. Supervised Zone-3 Distance Relay Protection 
Scheme

The purpose of “Supervised Zone-3 Distance Relay 
Protection” is to provide a supervisory scheme to avoid 
incorrect Zone-3 relay operation. Incorrect Zone-3 relay 
operation may be a consequence of either 1) quasi- 
stationary events like load encroachment, overload and 
under voltage, or, 2) electromechanical oscillations like 
power swings. Such mal-operation can act as a catalyst 
for or even trigger a system collapse.

A distance relay is immune to communication system 
failure since it solely relies on local measurements. 
However, relying only on local measurements is also the 
reason behind its incorrect tripping. On the other hand, 
differential current provides an excellent discrimination 
between a faulted and unfaulted transmission line. This 
requires measurements to be synchronized at both the 
ends. The inherent delay, though, makes differential 
protection unsuitable for the purpose of primary 
protection. Besides, a communication failure would 
render the system defenceless. The backup protection 
provided by Zone-3 operates in around one second. 
It provides ample time to determine whether there is 
really a fault using differential logic and communicate 
the same. This is the essence of a supervised scheme for 
Zone-3 protection facilitated by PMUs installed at both 
the ends. With PMUs placed at both ends of transmission 
lines, differential currents can be computed.

Once differential currents for all backed up lines are 
available, it is straight forward to ascertain whether the 
Zone-3 of a backup relay should be blocked or not. Once, 
the Zone- 3 is blocked, the relay won’t operate even if 
it sees a low impedance. The critical aspect is that the 
whole procedure, i.e., obtaining synchrophasors from 
PMUs, differential currents computation and thereafter 
communicating appropriate decision to the relay, 
should happen well within one second. This scheme can 

Figure-6: Screenshot of linear state estimation analytic.
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even be used to signal accelerated trip in case a fault 
is actually observed. Consequently, ASSERT BLOCK 
and ASSERT TRIP signals are to be communicated to 
the relay. The later can be used for accelerated trip. 
Further, if enough information is        not available to 
ascertain whether there is actually a fault in any of the 
backed up lines or not, then the    scheme cannot issue 
either of the commands with certainty. This can happen 
due to communication failure or unreliable data. Hence, 
a third signal is required to indicate ‘undecided’, which 
has been called as ENABLE TRIP.

Under normal conditions, when the apparent impedance 
is far from Zone-3, relays are not required to be blocked. 
The requirement arises only if it enters Zone-3. Hence, 
rather than sending a decision for each PMU sample 
(every 20-40 ms), communication can start as soon 
as the apparent impedance is close enough to Zone-
3. Also, as soon as the impedance is far enough, the 
communication can be stopped. To define closeness, 
an envelope zone is constructed, which is a magnified 
version of Zone-3 by a factor of 1.3. If for a certain 

period (slightly longer than sampling period), no 
decision is received from the server, the state at the 
relay end will be set back to ENABLE TRIP.

A screenshot of the supervised Zone-3 analytic is shown 
in Figure-7.

Conclusions
In this article, various PMU-based online and offline 
analytics developed by IIT Bombay have been presented.
• Online vulnerability analysis of distance relays 

used to identify relays which are vulnerable to 
maloperation.

• CVT/ CT calibration used for finding systematic 
errors in instrument transformers.

• Linear state estimator estimates the system states 
using only PMU measurements and network 
topology data.

• Supervised zone 3 distance relay protection scheme 
prevents incorrect zone 3 operation.

These analytics are already transforming grid operations 
in India and have ushered in the power grid of the future.
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Introduction
Engineering projects are executed on physical reality 
based on assimilated data and execution practices. The 
advent and use of large-scale digitalisation has altered 
the landscape of the engineering consultancy services. 
The new tools and techniques have enabled the 
processes of data collection, processing, their viewing 
and presenting of the results over virtual and mixed 
reality platforms. The core of such tools and processes 
lie in the capability of integrated imaging, processing 
and calculating equipment which manage and work 
on the field data. Such tools are in various stages of 
development and adoption across various sectors.

The onset of the Covid-19 pandemic threw up almost 
unsurmountable challenges to the traditional engineering 
workflow. Physical mobility was completely restricted 
to contain the spread of the disease but after a brief 
period of suspension, project activities resumed to keep 
the circle of economy moving. Digital technologies 
assumed paramount importance in the altered work plan 
not only in offices and other establishments but also 

on projects. The engineering and construction sectors 
which had scattered penetration of digitalisation had to 
suddenly embrace the new work methods to design and 
deliver output through fully integrated digital processes.

The Project described in this study is related to an 
impounding dam for storing the tailings from an ore 
processing unit of a metal extraction plant.

It was a 51m high tailing dam and that had to 
be constructed predominantly by deploying the 
downstream method of construction for most of the 
area. However, due to space restrictions, the upstream 
method of construction was adopted for a few stretches. 
The total length of the embankment was approximately 
4,500 m and the total storage capacity of the tailing pond 
was 53 million cubic meters. There were critical issues 
of seepage through the existing tailing dam surface and 
the global stability of the dam body was questionable. 
Immediate root cause analysis and mitigation measures 
were necessary to ensure the stability and safety of the 
dam and the personnel associated with its operation. 
Sustainable plant operation was heavily dependent on 
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the safe disposal of tailings in the tailing pond. Besides 
the client wanted to check if there was a possibility of 
raising the height of the dam in the future.

Project Risks
The Project was started during the peak period of the 
Covid-19 pandemic and was to be completed in about 
6 months. Such a project generally requires at least 
one site visit to visually access the site condition with 
respect to the constructional and operational challenges. 
In addition to that the site-specific observations 
and monitoring of various readings from existing 
geotechnical instrumentation are evaluated during the 
site visit. A physical site visit could not be organised 
due to the lockdown restrictions. The physical travel 
constraints created difficulties for the “Design Team” 
right from the word Go. Hence, another way forward 
had to be devised to do the Project design work 
without the Design Team visiting the site. The client 
apprehended delay in completion of the project due 
to the pandemic. However, the Design Team changed 
gear and moved forward with proper planning and use 
of digital tools like Google Earth, Civil 3D, Geo Slope 
Software, etc. that enabled the Project to take off and 
also be completed successfully within the stipulated 
time.

The main objectives of the project were:

• Conduct a Root Cause Analysis for the seepage 
occurring through dam body and provide a 
mitigation plan.

• Independent review of design reports and drawings 
for stability analysis and risk mitigation.

• Adequacy and trigger limit of geotechnical 
instrumentation like piezometers, settlement pillars 
and inclinometers.

Application of Digital Tools for 
Engineering Assessment
Out of the box thinking was adopted to overcome the 
constraints imposed due to the pandemic. The Design 
Team analysed the Google Earth images of the tailing 
dam, identified the critical locations and instructed 

the Owner’s site team to take photographs and videos 
accordingly. From the videos and operational input data, 
the seepage zone was identified. It was corroborated 
later-on by geophysical investigations.

Google Earth Images
• From the available topographical survey drawings, 

it was identified that the designed sections did not 
match with the as-built dam sections. Unfortunately, 
survey drawings for the final stage of construction 
and profile of the whole dam including the starter 
dam were not available. The as-built drawings of 
each stages of construction were also not available. 
However, to analyse the global stability of the dam, 
it was necessary to develop sections of the complete 
dam at critical locations.

• Google Earth images from year 2002 to year 2020 
were analysed to understand the history of the 
dam construction in different stages. The realistic 
cross sections of the dam at critical locations were 
developed with the help of measurement from 
Google Earth images at different stages of dam 
construction and the available topographical survey 
drawings.

• In addition to the Google Earth images, site 
photographs were analysed and the locations of 
maximum accumulation of slurry water in the pond, 
downstream seepage areas and narrow sections of 
the dam were identified.

• The available area for the next stage of dam 
construction - that of raising the height of the dam, 
was also identified by studying the Google Earth 
images.

Generation of 3D Models
• Auto Cad Civil 3D models were developed for 

the entire dam based on the topographical survey 
data. Next, cross sections at critical locations were 
developed from the 3D models.

• The cross sections were then verified with the site 
photographs and Google Earth images.

• Measurements obtained from satellite images were 
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cross checked with the drawings developed from 
contours drawings.

Validation of Seepage Zone through 
Geophysical Investigation
• Geophysical Investigations including digital 

mapping of dam body was carried out by the Owner 
and the report was shared with the Design Team for 
their interpretation and analysis.

• The Geophysical Investigations consisted of 1221m 
of 2D Electrical Resistivity Tomography (ERT), 

710m of Self Potential (SP) and 690m of Seismic 
Refraction (SR) Survey on the crest of the dam, on 
the northern to northern-western side, to identify 
the seepage or anomalous zones.

• Based on the findings of the Geophysical 
Exploration, seepage zones in the dam body were 
also identified.

• The seepage zone identified by the Geophysical 
Exploration supported the findings of the study 
done using Google Earth images.

Figure-1: SP Curve & Interpretation

Figure-2: SR Contours & Interpretation
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Figure-3: ERT Profile Along Dam’s Seepage Stretches



35DECEMBER 2021

PAPER

Figure-4: History of Eastern Side Tailing Dam through Years 2002 to 2020

 

Figure-5: History of Western Side Tailing Dam through Years 2002 to 2020

   

Figure-6: History of Northern Side Tailing Dam through Years 2002 to 2020

   

Figure-7: History of Southern Side Tailing Dam through Years 2002 to 2020
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Figure-8: Dam Profile on Eastern Side along with Software Models

   

Figure-9: Dam Profile on Western Side along with Software Models

   

Figure-10: Dam Profile on Northern Side along with Software Models

   

Figure-11: Dam Profile on Southern Side along with Software Models
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Engineering Analysis
Slope stability analysis of the tailing dam was carried 
out using Geoslope software and importing the Auto 
CAD models into it, to calculate the Factor of Safety 
at critical sections. The geotechnical parameters for 
the sub-surface as well as for the dam material based 
on samples taken from selected borrow area were 
modelled using the Mohr-Coulomb strength criterion 
and documented in the design reports.

The Factor of Safety was found to be adequate at the 
critical sections including the northern side where 
seepage had been identified.

Engineering Solution & Risk Mitigations
The solutions were thus arrived at with limited site 
construction information during the Pandemic situation 
were got executed by the Client.

• The Dam body was strengthened at the seepage 
zones identified from the Google Earth images 
and further validated by the Geophysical 
Investigations. Buttressing with earth along with 
filter media was suggested. Construction of a toe 
drain was also suggested to collect the seepage 
water. Additional geotechnical instrumentation 
like piezometer, inclinometer and settlement pillars 
were recommended at strategic locations for future 
monitoring and checking of the safety of the dam.

• Strengthening of the dam body made it feasible to 
raise the dam height by another 6 m and that created 
additional storage capacity of about 50 lakh cum.

• The plant operations can thus be continued for 
another 4.2 years due to the enhanced storage 
capacity.

Conclusions
Mobility issues created due to the pandemic situation 
posed challenges to work on a project for which as-built 
site data and site conditions were critical requirements. 
Because of the conditions prevailing, there was 

possibility of delay in completion of an assigned work. 
However, the Team assigned to work on the Project 
came up with solutions that were unique - utilisation 
and application of “Digital Tools” without any site visit 
by the Design Team. Various digital and engineering 
tools were utilised for collecting the as-built data, 
establishing, studying and analysing the prevailing site 
conditions, identifying the problems associated with 
past construction history and the seepage issues of the 
existing tailing pond. The new age tools and systems 
enabled remote working and made it possible to do a 
Root Cause Analysis and determine the seepage path 
through the dam. Subsequently, design solutions were 
provided to the Owner within the stipulated project 
schedule and they were executed by the Owner so 
that the tailing dam would remain stable and the plant 
operations could continue unhindered.

The approach adopted for the project can have wide 
applications in the consulting industry not only for 
tailing dam projects but also others. It was an excellent 
experience.
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Construction 4.0: Reimagining How 
We Design, Construct and Deliver 

Constructed Assets
08

Introduction and Background
Professedly COVID-19 won the best Chief Technology 
Officer of the year award for the past two years since the 
pandemic hit. Every sector of the economy, irrespective 
of maturity level, had to embrace changes supported 
mainly by technology. The construction sector was also 
swept up by this irreversible change seeing a significant 
acceleration in technology adoption.

The past two years have brought the following five 
technological megatrends to the forefront:

1. Prefabrication, offsite construction, and advanced 
manufacturing

2. Robotics and Automation (including design 
automation and process automation)

3. Big Data, Artificial Intelligence (AI), Machine 
Learning (ML), and Predictive Analysis

4. Internet of Things (IoT) and Digital Twins

5. Realtime data capture using drones, laser scanners, 
and other devices

Coupling these megatrends with the progress already 
made in the use of Building Information Modelling 
(BIM) and Common Data Environment (CDE), the 
construction sector is at an inflection point. A holistic 
paradigm that combines these emerging trends into 

Dr. Anil Sawhney
Global Program Lead, Construction and Infrastructure
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a new operating system is needed. In this paper, the 
author provides Construction 4.0 as the new operating 
system upon which the sector can continue to innovate.

The Challenge
India is growing rapidly, presenting a massive 
opportunity for its citizens and the rest of the world. 
Concurrent with the growth are some challenges. It is 
well documented that the construction sector has severe 
supply-side constraints that make the accomplishments 
of the above-mentioned programmatic goals extremely 
challenging. Current construction practices are wasteful 
and put tremendous pressure on our natural resources, 
our environment, and our exchequer. Energy usage, 
greenhouse emissions, financial affordability, land 
usage, and labour shortage are some of the supply-side 
issues that India must overcome to meet the demands 
placed by the nation.

Given the importance of the construction sector to their 
national economies, several countries have undertaken 
studies to identify the challenges and opportunities that 
the industry presents. These studies have generally 
identified a standard set of challenges or problems that 
the industry faces. For example, in one such study, a 
list of ten grand challenges (see Figure-1) faced by 
the construction sector in India were identified (Anil 
Sawhney et al., 2014).
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Business-as-usual in the face of demand-side pressures 
and supply-side challenges will not lead to a desirable 
outcome. The “sticks and bricks” approach will likely 
give a status-quo that the country cannot afford. It 
is obligatory to use innovation as a foundation and 
technology as a tool to confront the challenge of 
delivering constructed assets both in quantity and 
quality. Getting that right will significantly affect the 
economy, spurring innovation, technology transfer, 
and other wealth generation activities. As pointed 
out by IIT Guwahati Director TG Sitharam  “civil 
engineering (construction sector) transforms society as 
the economic engines of the nation are based on it.” He 
envisions the sector to benefit from IT, AI, and IoT that 
are also part of the technology megatrends described 
in this paper. The framework presented in this paper is 
not new. Several other Indian experts have defined the 
broad contours of different elements of the framework 
in previous publications   .

What is needed?
The past two years have made everyone ask some 

fundamental questions about the operating system of 
the sector. First, as illustrated in Figure-2, one must 
re-evaluate the design, construction, and operation 
processes, i.e., one must test how one constructs 
or fabricates against today’s realities. Second, to 
successfully achieve the demands placed on the sector, 
one must also carefully consider digital technologies 
that help the design, construction, and operation 
processes. And finally, one must interrogate the 
procurement and delivery systems one uses to provide 
constructed assets.

Figure-1: Key challenges faced by the construction sector (Anil Sawhney et al., 2014) reproduced with kind permission of 
Emerald Publishing

Figure-2: Questioning the operating system of our sector
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Significant strides have been made in using innovative 
construction technology and advanced materials by 
the Indian construction sector. However, to reach the 
inflection point where the complete transformation of 
the sector is possible, there is a need to address the 
remaining questions about the operating system. Is 
Construction 4.0 the answer? The answer to that is in 
the remaining sections of the paper.

Construction 4.0: A New Operating System
Construction 4.0 is the adoption and adaptation of the 
Industry 4.0 framework for the construction sector. 
Industry 4.0 promises to revolutionise how ‘things’ are 
made by using physical and digital technologies in an 
integrated manner. Similarly, the author envisions that the 
Construction 4.0 framework can fundamentally change 
how assets are designed, constructed, and operated. The 
idea of Construction 4.0 developed from the need of the 
construction sector to overcome the existing horizontal, 
vertical, and longitudinal fragmentation and take a 
holistic approach to the improvements needed in the 
industry. In the literature, Construction 4.0 is sometimes 
also called Industrialised Construction.

Construction 4.0 is defined as follows 
(A. Sawhney, Riley, Irizarry, et al., 
2020):

“Construction 4.0 is a paradigm 
that uses cyber-physical systems, 
and the Internet of Things, Data, 
and Services to link the digital 
layer consisting of BIM and CDE 
and the physical layer consisting 
of the asset over its whole life 
to create an interconnected 
environment integrating 
organizations, processes, and 
information to efficiently design, 
construct and operate assets.”

In Construction 4.0, the fundamental 
driver is the use of Cyber-Physical 
Systems (CPS). CPS are technologies 
that bring the virtual and physical 

worlds together to create a truly networked world in 
which intelligent objects communicate and interact with 
each other (Griffor, Greer, Wollman, & Burns, 2017). The 
Construction 4.0 framework uses CPS as a core driver 
and links it with the concept of the Digital Ecosystem 
(Gartner, 2017). As shown in Figure-3, Construction 4.0 
consists of three layers within which different components 
of the framework fit. Building Information Modeling 
(BIM) and a cloud-based Common Data Environment 
(CDE) are central to the Construction 4.0 framework 
(Oesterreich and Teuteberg, 2016; Cooper, 2018). 
That provides the digital layer in which BIM provides 
the modeling and simulation features that are a core 
component of the framework. CDE acts as a repository 
for storing all the data that relates to the constructed 
asset over its lifecycle (Maskuriy et al. 2019). In the 
other two layers, the following components exist (Tetika, 
Peltokorpia, Seppänena & Holmströmb, 2019):

• Industrial production (prefabrication, 3D printing, 
offsite manufacture, and onsite assembly)

• Cyber-physical systems (robots and cobots for 
repetitive and dangerous processes, and drones 
for surveying and lifting, moving and positioning, 
sensors, and actuators)

Figure-3: Construction 4.0 Framework (source (A. Sawhney, Riley, & Irizarry, 2020)
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• Digital technologies (BIM, video and laser 
scanning, IoT, sensors, AI and cloud computing, 
big data, and data analytics, reality capture, 
Blockchain, simulation, augmented reality, data 
standards and interoperability, and vertical and 
horizontal integration)

While Construction 4.0 is predominantly discussed 
in terms of technology, successful implementation 
will depend on the critical issues surrounding people, 
practices, and the environment.

Transformations Needed
The author envisions the co-emergence of digital 
ecosystems (e.g., Building Information Modelling 
software-based ecosystems) and product ecosystems 
(e.g., modular or prefab product-based ecosystems) in 
the innovation journey proposed for our sector. This 
concept is illustrated in Figure 4 (A. Sawhney, Riley, 
& Irizarry, 2020). It is believed that the Construction 
4.0 framework is possible with a combination of three 
transformative processes (each represented as a vertical 
pillar in the figure):

1. Product transformation

2. Digital transformation

3. Transformation in project delivery processes and 
related business processes

While the concept of digital ecosystems drives digital 
transformation, there is a need for the simultaneous 
evolution of product-platform-based ecosystems to reap 
the full benefits of the framework. The transformation 
journey on the digital front has already begun. First, as 
an industry, there is need to move away from a non-
model-based approach to a more model-centric practice 
(BorjeGhaleh and Sardroud, 2016; Sawhney, Khanzode 
and Tiwari, 2017). The next step in the digital journey 
is the evolution towards an integrated, synchronous, 
and collaborative model-centric approach (World 
Economic Forum, 2018). Once that step is achieved, 
the digital systems used by the industry would integrate 
with Cyber-Physical Systems that, for example, would 
help create Digital Twins.

The transformation journey also moves away from 
‘stick-built’ onsite methods towards modular and offsite 
construction on the physical front. In the physical 
transformation of the construction industry, product 
platforms can play a significant role (Bryden Wood, 
2018).

Figure-4: Three parallel transformations needed (source (A. Sawhney, Riley, & Irizarry, 2020))
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As shown in the figure, the digital transformation for the 
industry is facilitated by digital ecosystems; the product 
transformation is underpinned by product platforms 
but is incomplete without considering changes to the 
current delivery and procurement regime. Therefore, 
concomitant with these two transformations, the 
industry must also transform the delivery processes and 
commercial terms from a transactional to enterprise-
centric and integrated one (Construction Leadership 
Council, 2018).

Elements of Construction 4.0
Construction 4.0 is the new operating system, which uti-
lises innovative construction technologies and advanced 
materials. Additional elements of the system are:

• Design for Manufacture and Assembly (DfMA)

• Product-orientation

• Digital Tools and Ecosystem

• Innovative Procurement Systems

• Improved Delivery Processes

The elements of the Construction 4.0 system in the 
sections below.

1. Design for Manufacture and Assembly

Design for Manufacture and Assembly (DfMA) is a 
paradigm that focuses on ease of manufacture and 
assembly efficiency of components needed to produce 
or construct a widget. DfMA is both a design philosophy 
and methodology. The fundamental principle behind 
DfMA is that by simplifying the design of a product, it is 
possible to enhance the efficiency of manufacturing and 
assembly. The principle leads to cycle time reduction 
and lower overall cost. Downstream processes of 
manufacturing and assembly are considered when 
designing products (Tan et al., 2020). Originating 
from the manufacturing industry, DfMA suggests a 
systematic design process that integrates the production 
and assembly experience into the product design 
(Boothroyd, 2005).

Traditionally, DfMA has been applied to sectors such 
as the design of automotive and consumer products, 

Figure-5: DfMA applied to construction
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both of which need to efficiently produce high-
quality products in large numbers . More recently, 
the construction industry has begun to adopt DfMA 
to prefabricate construction components such as wall 
panels, foundation walls, floor slabs, columns and 
beams, and pods. Figure-5 illustrates the use of DfMA 
in construction.

Applying DfMA enables identifying, quantifying, and 
eliminating waste or inefficiency in product manufacture 
and assembly. The main principles of DfMA are :

• Minimise the number of components or parts

• Design for ease of part-fabrication and manufacture

• Tolerances of parts and making them mistake-proof

• Minimising the use of flexible components

• Design for ease of assembly

• Mistake proofing assembly

• Eliminate or reduce defects

• Utilise production and assembly data, expertise, 
and knowledge early in the design process

With some similarities between DfMA and 
constructability, the Construction 4.0 process embraces 
these principles in a much more holistic fashion. As 
a result, DfMA, when applied to Construction 4.0, 
provides the following benefits :

• DfMA brings schedule and cost certainty to the 
construction process

• One of the primary advantages of DfMA in 
construction is the reduction in overall cycle time 
and, more importantly, reduces the time spent on 
onsite activities

• DfMA can reduce construction costs by reducing 
assembly costs. As fewer parts are used, the labour 
requirements go down, and assembly is simplified

• Construction projects that use the DfMA principle 
are of higher quality, and sustainability is enhanced. 

This is primarily accomplished via waste reduction, 
increased efficiency in site logistics, and a decrease 
in materials movement on site

• The workface activities are made efficient via DfA, 
and assembly steps are shorter and clearer

• DfMA increases reliability by lowering the number 
of parts, thereby decreasing rework and defects

• DfMA makes onsite activities safer

So far, efforts in India have remained mainly focused 
on the construction stage, and therefore full support of 
the designers in the industrialisation process is lagging. 
To fully reap the benefits of the proposed framework, 
it is essential that Indian architects and designers fully 
utilise the DfMA principles to allow early involvement 
of construction and operations expertise in the design 
process. Significant benefits can be attained through the 
approach.

2. Product Orientation

Product orientation is a crucial element of Construction 
4.0. Product orientation allows a shift away from the 
design and engineer-to-order approach on a project-
by-project basis. Instead, the design and engineering 
processes rely on predefined products, components, and 
modules (Lin et al., 2007). These are used for configuring 
the buildings in a standardised configuration process. 
As a result, project-specific design is eliminated or 
significantly reduced. Instead, the products that are 
used are optimised, and their production, assembly, 
supply chain, and other details are predefined processes 
tailored for the specific product. This concept is shown 
in Figure-6. Products such as wall panels, window and 
door panels, mechanical and electrical sub-assemblies 
are available to the designer during the design process. 
The designer configures the products to arrive at the 
final design of the building. As shown in the simplified 
illustration, the design of the building is seen as an 
assembly of products, components, and modules.

Product orientation, in turn, relies on the concept of 
product platforms. Product platforms are ubiquitous 
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in the automotive sector and are essentially used to 
achieve mass customisation. The platform of products 
uses shared components and production processes 
(Bryden Wood, 2018; M. S. Sawhney, 1998). Using 
this approach, companies can develop differentiated 
products efficiently, increase the flexibility and 
responsiveness of their manufacturing processes, and 
shift away from developing only one product at a time.

A platform is the collection of assets that are shared by a 
set of products--divided into four categories (Robertson 
& Ulrich, 1998):

• Components: the part designs of a product, the 
fixtures, and tools needed to make them

• Processes: the equipment used to make components 
or to assemble components into products, and the 

design of the associated production process and 
supply chain

• Knowledge: design know-how, technology 
applications, and limitations, production techniques

• People and relationships: teams, relationships 
among team members, relationships between the 
team and the larger organization, and relations with 
a network of suppliers

One can see the benefit of product orientation, product 
platforms, and all the design, production, and assembly 
information embedded in these products. As shown in 
Figure-7 and Figure-8, the designer can see all the data 
about the product as they author the design in a model 
authoring tool.

 

Figure-6: Product orientation used in the design process (source: (Sharma et al., 2017))
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Figure-7: Designing a building using a product platform (source (Sharma et al., 2017))

 

Figure-8: Model authoring tool (source (Sharma et al., 2017))
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The product-oriented approach is not pervasive in the 
design and construction processes of construction in 
India. However, some early adoptions with limited 
success in the commercial and industrial construction 
are now being reported (e.g., Infosys Phase 2, 
Bengaluru, GKNM Hospital, Coimbatore, Lulu Mall, 
Lucknow, and GEMS Education, Kerala ).

3.  Digital Tools and Ecosystem

As the construction sector is seeing significant 
investments in new information technology start-ups 
that are in the process of developing new digital tools 
for the industry—with some reports estimating total 
expenditures of $10 billion in the eighteen months 
beginning January 2018 (Putzier, 2018), it seems that 
there are some changes on the horizon. It is now clear 
that the construction industry must modernize as a 
sector and fully embrace digital tools (A. Sawhney, 
Riley, & Irizarry, 2020).

The key to the sector’s digitalisation is taking a 
model-centric and data-centric approach to the work 
practices. As shown in Figure-9, the new way of 
working requires the use of Building Information 
Modelling (BIM). Using BIM in design, construction, 
and operation processes in conjunction with product 
orientation and DfMA, enable one to achieve the 
desired efficiencies.

In addition to using BIM, it is also essential to consider 
the importance of data over the life cycle. That requires 
a data-centric way of working. BIM and collaborative 
project management platforms are pushing the 
industry towards using digital ecosystems to address 
the fragmentation challenges it faces (Cooper, 2018). 
While the formal recognition of the idea of digital 
ecosystems is difficult to trace, but in a recent report 
by Global Industry Council, a framework based on 
digital ecosystems has been advocated (Global Industry 
Council, 2018). The report suggests a digital ecosystem-
based digital transformation to consolidate fragmented 
platforms, standardise processes, and attract digital-
savvy talent (A. Sawhney, Riley, Irizarry, et al., 2020).

The idea of platforms and ecosystems in the construction 
sector may be roughly traced to the use of procurement 
and bidding platforms and materials and equipment 
supply portals (Noelling, 2016). Unfortunately, 
these ecosystems did not address the root causes of 
the industry’s horizontal, vertical, and longitudinal 
fragmentation. Still, they did demonstrate the value of 
an ecosystem approach in the sector.

Projects need to be designed with modern design 
technologies that are generative and parametric in nature. 
BIM, also known as Virtual Design and Construction, 
can significantly make designs sustainable, end-user 
friendly, efficient, and mistake-proof. India has made 

Figure-9: Model-centric and data-centric working
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good progress on the model-centric front. Many 
designers, engineers, and construction organizations are 
using BIM . However, there is a need to enhance the use 
of data and combine it with a model-centric approach.

4.  Innovative Procurement Systems

An adversarial transaction-based procurement 
regime mars the construction sector. The current 
procurement system hinders innovation and does not 
allow mainstreaming of the elements of Construction 
4.0 that are discussed in this paper. To fully embrace 
the ideas of product orientation, DfMA, and advanced 
construction technologies, it is essential to shift away 
from a transactional approach to an enterprise-based 
system. First, there is a need to transform procurement 
processes in sync with proposed digital and physical 
transformations. The current risk transfer model 
and search for the lowest builder is not conducive to 
promoting Construction 4.0 practices. Second, the legal 
and contractual issues that hinder progress must be 
addressed. The Indian construction sector is lagging in 
addressing the issue. Third, the procurement systems 
need to be modernised, considering the other elements 
of the Construction 4.0 framework. A significant effort 
is required to upgrade and modernise the codes, bylaws 
and ensuring the capacity to implement them. Finally, 
there is a need to reach a stage that building regulations 
and policies become a mechanism to promote innovation 
in the construction value chain.

5.  Improved Delivery Processes

The multitude of challenges faced by Indian 
construction has created a restrictive environment 
for effective delivery of projects and, in turn, is 
responsible for the sector’s constrained growth. Lack 
of coordination and mistrust are commonly cited 
reasons for the current state of the Indian construction 
sector (Kovvuri et al., 2016). That creates the need 
for testing a different project delivery approach and 
adopting an efficient project operating system. Around 
the globe, stakeholders in the construction industry 
are shifting towards lean principles and practices for 
efficient project delivery and addressing issues cited 
above. The Indian Government has recommended the 

‘introduction of efficient technologies and modern 
management techniques’ to raise the industry’s 
productivity. Streamlining the project delivery process 
would benefit the sector by enabling the other elements 
of Construction 4.0 (Kovvuri et al., 2016).

Benefits

Several recent studies have attempted to define the 
sectoral benefits of Construction 4.0. Based on those 
studies, the benefits of the framework are listed below 
(A. Sawhney, Riley, Irizarry, et al., 2020):

1) Enabling an innovative environment: the 
framework may provide the right mix of enablers 
to allow the innovation mindset to take root in the 
industry. Through an integration of the physical and 
digital layer, the innovation would likely lead to 
integrated solutions that would strike at the heart of 
horizontal, vertical, and longitudinal fragmentation 
that currently dominates the industry

2) Improving sustainability: the integrated framework 
allows the industry to fully embrace a life cycle 
approach and ensure prudent use of resources, 
significantly reducing energy usage and emissions.

3) Improving the industry’s image: The construction 
industry suffers from an image problem caused 
by several factors. It is well known for its 
harsh working environment and its low level 
of automation and digitisation (Farmer, 2016; 
Oesterreich & Teuteberg, 2016). The digital and 
physical technologies of Construction 4.0 can 
improve the industry’s image by transforming the 
work, the worker, and the workplace and making 
it more attractive for recruitment and retention of 
talent.

4) Cost savings: The use of Construction 4.0 
supported by digital technologies, BIM and CDE, 
can help reduce inefficiencies and waste. Robotics 
and automation can result in a reduction in direct 
costs. Real-time access to the physical layer with 
abundant data would improve decision-making and 
provide financial incentives for project teams to 
collaborate and innovate.
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5) Time savings: Modern methods of construction like 
prefabrication, additive manufacturing, and onsite 
assembly would improve the speed of construction. 
With real-time access to field data, any potential 
delays can be avoided resulting in time savings.

6) Enhancing safety: Construction 4.0 would enhance 
site safety. In addition, AR/VR-based training, 
wearable technologies, IoT-based connectivity 
of objects, things, and people, image and video 
processing can improve safety.

7) Better time and cost predictability: With real-time 
monitoring, automated site data collection, image 
processing, AI, and analytics tools, the time and cost 
predictability of ongoing projects can be improved. 
Availability of large volumes of historical data 
and information can help set benchmarks for early 
time and cost prediction of new projects, thereby 
allowing longitudinal integration.

8) Improving quality: The horizontal and vertical 
integration resulting from the adoption of the 
Construction 4.0 framework allows the monitoring 
and control of the design and production processes, 
thereby improving the quality of construction.

9) Improving collaboration and communication: Use of 
cloud-based project management tools, Blockchain, 
central repository of information, and real-time 
data access enhances trust among the project 
team members and enhances communication, 
coordination, and collaboration

10) Customer and end-user-centric world view: With 
the reduction in tedious and repetitive tasks, the 
project team focuses on creating value and what 
matters most to the customer .

Challenges
The Farmer report documented the reluctance of the 
construction sector in embracing technology and 
summarised that the industry missed the Industry 
3.0 transformation (Farmer, 2016). Oesterreich and 
Teuteberg, and Dallasega, Rauch, and Linder, based on 
an extensive literature review, developed the following 

list of implementation challenges the sector faces 
while implementing the Construction 4.0 framework 
(Dallasega et al., 2018; Oesterreich & Teuteberg, 2016; 
A. Sawhney, Riley, & Irizarry, 2020):

1) Resistance to change: The construction sector has a 
conservative worldview when it comes to change. 
With considerable opposition, the industry embraces 
change. As a result, the elements of transformation 
that we propose are likely to face scepticism and 
resistance.

2) Unclear value proposition: Adoption of innovation 
requires a clear value proposition for all stakeholders. 
The complex value chain and transactional nature 
of the construction make it challenging to document 
benefits and financial gains, leading to hesitation by 
stakeholders to invest.

3) High implementation cost: The model that is 
propose may require high initial investments. That 
may become a barrier to adoption primarily due to 
unclear benefits and the prediction of cost savings.

4) Low investments in research and development: 
historically, the construction sector has ignored 
investments in research and development. That 
may be a significant blocker to the proposed 
framework.

5) Need for enhanced skills: the industry is already 
facing the talent challenge. Without significant 
enhancements in education and training, the 
pipeline of skilled workforce could become non-
existent.

6) Longitudinal fragmentation: many in the industry 
believe that the same mistakes are made from 
one project to the next. It is essential to learn 
and implement best practices across projects and 
organisations to reap benefits from the framework.

7) Legal and contractual uncertainty: The construction 
sector uses a transactional procurement regime 
that promotes adversarial relationships and limits 
innovation. The proposed framework requires that 
delivery and procurement processes transform in 
sync with the proposed transformations.
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Summary and Conclusions
Construction, a globally significant industry, is 
conservative in its approach to innovation and suffers 
inertia in the face of the need to change. It has been slow 
to embrace the opportunities afforded by technology and 
advances in data management to enhance the efficiency 
and performance of the sector and the consistency and 
quality of its outputs. Despite numerous historical 
attempts to initiate and effect meaningful change, 
the industry still suffers from fragmentation and 
inefficiencies in the process, information flows, and 
collaborative working. These challenges bog down the 
output and productivity of the sector.

This paper highlighted the opportunities afforded 
by the concepts, principles, and components of an 
industrialised approach to construction. It is now 
approaching a potential tipping point where the 
concepts generated and applied by forward-thinking 
innovators and early adopters are accepted and used 
in the mainstream sector. The practical application of 
innovative construction technologies and advanced 
materials, DfMA, product orientation, superior digital 
tools, innovative procurement models, and improved 
delivery processes can help transform the sector. This 
paper introduces the proposed framework and its main 
components. It places them into context with the past 
and current state of the industry and describes their 
potential for significant change. The wide adoption of 
these elements can transform the construction industry 
into a more efficient and transparent enterprise.
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Everything About Net ZERO Emissions?
Achieving zero emissions means releasing no greenhouse gases to the atmosphere - that is, no carbon dioxide 
(CO2), no methane, no nitrous oxide or other greenhouse gases. Achieving net-zero emissions means that 
some greenhouse gases are still released, but these are offset by removing an equivalent amount of greenhouse 
gases from the atmosphere and storing it permanently in soil, plants, or materials. Because it would be 
prohibitively expensive or disruptive to eliminate some sources of emissions entirely, achieving net-zero 
emissions is considered more feasible than achieving zero emissions at a nationwide scale.

The latest science suggests that reaching the Paris Agreement’s temperature goals will require reaching net-
zero emissions on the following timelines:

• In scenarios limiting warming to 1.5 degrees C, carbon dioxide (CO2) needs to reach net-zero between 
2044 and 2052, and total GHG emissions must reach net-zero between 2063 and 2068. Reaching net zero 
earlier in the range avoids a risk of temporarily overshooting 1.5 degrees C. Reaching the top of the range 
almost guarantees surpassing 1.5 degrees C for some time before it eventually drops down.

• In scenarios limiting warming to 2 degrees C, CO2 needs to reach net zero by 2070 (for a 66% likelihood 
of limiting warming to 2 degrees C) to 2085 (with a 50-66% likelihood). Total GHG emissions must 
reach net-zero by the end of the century or beyond.

Based on - What Does “Net-Zero Emissions” Mean? 8 Common Questions, Answered

September 17, 2019 By Kelly Levin, Taryn Fransen, Clea Schumer and Chantal Davis 

Source: https://www.wri.org/insights/net-zero-ghg-emissions-questions-answered
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Abstract
Consulting engineering organisations mainly depend 
on the knowledge of employees and past knowledge 
gained on past projects. Managing such information 
and utilizing the same in the future service offerings, 
training the young employees are essential to meet 
the aggressive project time lines, innovation, new 
competition and margin control. Sorting such vast 
knowledge in systematic manner, storing and then 
retrieving it quickly whenever needed is a challenging 
task. Development in computer application programmes 
have made this task easy by digitisation of the data and 
digitalisation of the processes. This article highlights 
the technologies in terms of digitisation, digitalisation 
and digital transformation in consulting engineering 
organisations and also highlights its applications in 
service offerings and benefits.

Key Words
Digitisation, Digitalisation, Digital transformation, 
Changing technologies.

Introduction
Consulting engineering organisations are knowledge-
based companies. Each project will be executed with 
regular or and with some special solutions. Documenting 
and storing such information in a systematic manner is 
important and challenging. Earlier days, past project 
information have been stored in physical form involving 

large space and listing/searching was taking more time. 
Development in computer application and internet of 
things have brought new method of data handling, new 
software for improved and efficient services to project 
promoters. This article highlights changing technologies 
with respect to Digitisation, Digitalisation and Digital 
Transformation in consulting engineering organisation 
and how it leverages to function and applications. 

Digitisation
Digitisation involves converting the information 
available in physical form to a digital form. Creating 
deliverables (drawings/ documents) in pdf/ dwg/ word/ 
excel formats are examples for Digitisation. It enables 
the creation of value to the documents that are based on 
data. It, thus helps to lay the foundation for a business 
to use that to leverage the data. The digitised data in the 
form of deliverables can be used for circulation among 
the stakeholders during project execution and kept 
for future reference in the organisation. Circulation 
of digitised deliverables is very fast among the 
stakeholders since it can be done at any time of the day, 
regardless of where the recipients are located. 

Digitisation can be used for green field and as well as 
brown field projects. In case of green field projects, 
the deliverables required for project execution from 
planning to commissioning such as concepts, RFQs, 
specifications, design documents, drawings, contract 
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documents, project schedules, quality plans, progress 
monitoring, as built drawings, etc. can all be in digital 
form.

In case of brown field projects, the entire plant including 
building, equipment and utilities can be scanned using 
high resolution camera and converted into 3D models. 
That model can then be used for developing 2D drawings 
for references and further expansion of the project. 
Such a facility is very useful for old plants where the 
project data is not available in physical format. If the 
physical documents are available these can be scanned 
into digitised form and stored for future use.

Digitalisation
Digitalisation on the other hand is the process of 
making digitised information work for the organisation 
in its businesses. It uses the digital technologies 
and digitised data in a systematic way for storage, 
transfer, retrieval and reuse the data as and when it 
is required. It enhances the business intelligence, 
decision-making, and efficiency of the organisation. 
These actions thus create an environment where 
digital information is at the centre of the business 

process and makes the organisation more productive, 
efficient and profitable.

There are many platforms that an organisation can 
adopt considering their operational nature, project 
types and deliverables needed for execution. Document 
management software are now a days commercially 
available to create a digitalised landscape. In order to 
capture the project data in digital form, each project, 
system, document, deliverable, etc. can be assigned 
with a unique number. The workflow for generation of a 
deliverable is to be based on company quality processes. 
In addition, cost of the system/ bill of material involved 
in the deliverable could also be captured. All these 
information can be entered in the platform before 
release of each deliverable. The Information can be 
accessed quickly at any time using the key words. A 
typical document release work flow in a digital platform 
has been shown in Figure-1. Using this Digitalisation 
platform, consulting organisations can access the 
past project data very quickly and efficiently for the 
new projects of similar nature thereby improving the 
operational efficiency of the organisation and thus to 
the customers. 

Figure-1:- A typical digitalisation platform workflow
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Digital Transformation
It is the transformation of business activity, process, 
business model by taking advantage of digital 
technologies. It can change the way of working that an 
organisation delivers value to customers. In a nutshell 
digital transformation comprises review and reinvention 
of various areas within an organisation considering 
its external dependency, employee skill sets, client 
interactions and the values of the stakeholders. The 
digital transformation journey begins with Digitisation 
and Digitalisation of the past data available in the 
organisation. Digital transformation, essentially, 
positions an organisation to become agile, setting it up 
to swiftly detect, respond, and adapt to changes required 
for its business.

Consulting organisations can identify the possible ways 
of Digitisation of their day-to-day activities, creating 
standard deliverables, design guides, check lists, etc. 
During the design and project execution stages many 
interactions occur between the various stakeholders 
in the project. Those interactions could lead to the 
development of some unique solutions and value 
additions to the customers. At some project sites, issues 
may arise that could call for expert opinions. All these 
activities are dynamic and capturing such solutions, 
ideas, innovations, value additions for future business 
improvements in digital form using a digital platform 
is very essential for a consulting organisation. Digital 
platforms can be created to capture data such as:

• Solutions/ clarifications given by subject matter 
expert on site issues/ to Juniors / on project specific 
matters,

• Value additions to the Project,

• Solution to any engineering problem developed by 
the engineers across the organisation and across all 
disciplines,

• Revision required in specifications, design 
methodology, standard drawings, 

• Project cost data, etc.

Such portals are very useful for organisation growth and 

added value to customer, employees and stakeholders 
of the company.

Another important digital transformation that has 
transformed the working in consulting organisations 
is the use of 3D modelling and its applications. Many 
3D modelling tools are available in the industry 
and an organisation can select a suitable one. The 
more important benefits of using 3D modelling for 
engineering services are:

• Better Representation of Designs vis-à-vis 2D 
drawings,

• Easy collaboration with other systems of 
engineering,

• Quick, accurate and effective visualization,

• Easier flaw recognition,

• More effective Design for manufacturability/ 
constructability,

• Faster Time response to Market,

• Optimise use of material,

• 4D simulation is easy,

• Easy for overall cost and project time line 
monitoring,

• Improved efficiency at organisation level,

• Customer delight.

3D modelling also enables producing different 
deliverables of a high quality. Any revisions in any 
services can be easily incorporated with clash check 
and revised output drawings generated in very short 
duration. 

Activities involved in typical 3D modelling in a 
Power Plant design is shown in Figure-2 and some of 
the deliverables generated using 3D modelling for a 
Power Plant and an Institutional Building are shown in 
Figures-3 to 10.
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Figure-2 : Flow Chart for 3D modelling for a Power Plant.

Figure-3: Isometric view of Power Plant building.
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Figure-4 : Piping and Equipment layout around Turbine Generator in a Power Plant

Figure-5 : Piping and Equipment layout in a Power Plant
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Figure-7:- General arrangement of beams and floor slabs -Structural layout showing flat slab/ beam slab system for an 
Institutional Building.

Figure- 6: A isometric view of Typical floor with floor beams ceiling level MEP services for an Institutional Building.
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Figure-8:- General arrangement of Fire protection and fire alarm system for an Institutional Building -Part view at floor 
ceiling level .

Figure-9:- General arrangement of HVAC system for an Institutional Building- Part view at floor ceiling level.
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Figure-10:- General arrangement of Plumbing works for an Institutional building
- Part view at floor ceiling level.

Conclusions
Consulting Engineering organisations are having to 
deliver to aggressive project time lines plus innovate 
in the same time. New competition is springing up 
and affecting the margin. These can be mitigated by 
implementation of digital technologies. Gone are 
the days of working with 2D engineering tools and 
storing data in physical form. Data science and data 
management are necessary at each and every step of 
any activity for a knowledge-based profession such 
as Consulting Engineering. Digitalisation enables 
data flow across various platforms, shared, analysed 
and retrieved for meeting the demand of the all the 
stakeholders of a Project over the Project life cycle. This 
transformation needs a change in mind set of employees 
at all levels in the organisation since it changes the way 
of execution of every task, activity and process. The 
stakeholders need to be very cautious in managing data 
for the desired objective and protecting the same else 

the digital transformation may be a curse instead of 
boon and play disaster. The senior management must 
constantly monitor to ensure that the change is being 
done as planned in order to increase productivity, 
maintain quality and result in customer delight. Digital 
Transformation is very essential in the present scenario 
to execute assignments and for sustaining the growth of 
the organisation. Infact the pandemic has proved that it 
is a MUST to continue to function.
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Executive Summary
The impact of climate change along with various 
challenges are being experienced in construction 
industry. These could be mitigated by utilisation of 
advanced analysis and design software all linked to 3D 
formats which go to:

• Optimize design by using respective design 
software,

• Sustainable and energy efficient approach by using 
energy simulation,

• Fully coordinated design by using 3D analysis and 
design software,

• Better inter-disciplinary coordination, interference 
checks, controlling budget and minimising extra or 
rework, using BIM,

• Data collection and access from concept to handover 
by using BIM 360, and

• Proper handover information of a Project by using 
cloud-based data collection software.

Consulting engineers have a major role to play for 
providing energy efficient and fully coordinated 
optimised design solutions considering the complete 
life cycle of the Project as shown in the figure.

Energy	Efficient	Design	by	using	Energy	
Simulation Technology
Energy is one of the major contributors for the economic 
development of any country. Increasing energy needs 
and impact of climate change can be controlled through 
energy efficient design.

Energy analysis through various available software 
technology could be carried out during the initial 
architectural planning to optimize orientation and the 
building fabric.
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The benefit based on energy simulation are the 
reductions that are achievable in:
• Cooling load, • Power demand,
• Plant space, • CO₂ generation,
• Energy use, • Operating cost, and
• Capital cost.

There is an urgent need for reducing the energy 
requirement and also for utilising renewable energy 
sources because of the following:

 y Out of total amount of energy produced, over 85% 
comes from fossil fuels i.e., Oil, Natural gas, Coal 
etc.

 y At current R/P ratio, World Oil and Gas reserves are 
estimated at just 53 years and 55 years respectively. 
Coal is likely to last for 113 years.

 y India’s Oil and Gas reserves are estimated to last 
just 17.5 years and 40.2 years respectively at the 
current R/P ratio. Coal is likely to last for 100 years

Performance based Fire Strategy by using 
CFD Technology
Performance Based Fire Design is based on ASET/
RSET calculation with various base scenarios as well as 
critical scenario simulation done using Computational 
Fluid Dynamics (CFD) modelling.

The purpose of that is to provide data for Risk 
Management for evaluating the performance of the 
smoke control system design through CFD modelling of 
a building. Evacuation safety in case of a fire is evaluated 
by comparing the available time for evacuation (ASET 
- Available Safe Egress Time) i.e., when the conditions 
for evacuation becomes critical or untenable and 
the time it takes to perform the evacuation (RSET - 
Required Safe Egress Time).

The conventional approach is to adopt NBC/IS/NFPA 
for designing the complete fire system. However, by 
using CFD, various fire scenarios can be studied and 
the design fine tuned for a completely fire life safety in 
any situation.

Visibility

Temperature
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Optimised and fully Coordinated Design 
using BIM
The main advantages that BIM provides are:

 y Efficient coordinated design documentation for 
all disciplines - architecture, structure and MEP, 
interior, landscaping, etc.,

 y Efficient construction documentation as per input 
by all stakeholders,

 y Close eye on budget during design and construction, 
thus cost is better controlled, and

 y Efficient O&M integration with cloud-based 
software as per input by all vendors.

1. Value Engineering 
 Various value engineering options can be explored 

by using BIM such as:
• Optimisation of toilet drainage layout. Various 

options can be prepared and quantities extracted 
for design optimisation. An optimised design 
for a typical toilet could have a big impact on 
project cost because of repetition of the typical 
toilet. 

• Optimisation of sprinklers piping by 
standardisation of pipe length and maximising 
prefabrication strategy with help of BIM. That 
would result in reducing material wastage and 
fittings as well as execution time. Execution 
quality would also be improved because the 
factory cut to length pipes would be executed 
in a very clean and orderly manner at site.

 Conventional process Prefabrication strategy
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2. Integrated Design, Construction & FM 
documentation 

 BIM makes possible many features which enable 
efficient design and construction and ensure quality 
production in lesser time. Some of these are:

2.1. Clash Detection & Coordination 
 All stakeholders can work together on the same 

BIM base model with weekly coordination 
meeting on 3D Revit model for complete 
clarity. The steps to be followed for producing 
fully coordinated design in BIM are shown in 
the figure.

2.2. Construction Sequencing & Animation 
in BIM, 4D

• Construction sequencing animation 
to demonstrate the proposed build 
process.

• 4D project phasing - Navis TimeLiner 
can be linked to the project programme 
i.e., MS project or similar. 

• Informed decisions about project build 
sequences, methodologies, and project 
timescales can be made through 
improved visualisation.
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2.3. Quantity scheduling in BIM, 5D

• An object drawn in BIM can be quantified.

• Designers can create schedules that can 
assist the project cost team in preparing the 
project budget.

• Costs are dynamic and the content increases 
with the development of the model.

• Cost code and package classification codes 
are added to the model families/ parameters  
to assist budgeting and cost control. 

2.4. Working on BIM 360 Cloud

• Centralises all project information.

• Centralises all project information in a 
single, cloud-based platform.

• Allows easy, yet controlled, transfer of 
information from design to construction.

• Reduces time for coordination.

2.5. Asset tagging and O&M documentation 

• All material can be tagged in BIM along 
with their specifications.

• The information would be very useful for a 
facility manager for getting all information 
with a quick click.

3. BIM technology for As-Built details for re-
designing of existing projects 

 There are various challenges while re-designing of 
existing old buildings because of nonavailability of 
As-Built drawings. However, now technology and 
laser scan of existing buildings generating the As-
Built information.

Faro Scanner Illustrations showing how building 
scanning works

The scanned data can be used for preparing the As-Built 
Revit model. The process involves generating a Point 
Cloud and from that the Revit model.

Point Cloud

 y  It’s a set of data points in space.

 y The output of 3D scanning processes is a large 
number points outlining the object being scanned.

 y Point Clouds are then used for 3D BIM models. 
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Point Cloud to Revit As-Built BIM

 y Point Cloud data is imported into Revit and the Revit 
model developed as per the scanned information for 
further re-designing the system.

4. Virtual Commissioning in BIM

 Developmental works are in progress for providing 
Pre-Commissioning system in BIM. That would be 
very helpful for consulting engineers to optimise 
design with respect to balancing a system as well as 
saving time during the final commissioning at site.

Conclusions
Technologies keep developing, hence utilisation of 
latest available technologies by consulting engineers 
is now a necessity. Energy simulation, analysis and 
design software, performance-based fire CFD analysis 
and BIM need to be used for planning, analysis, design, 
construction and facility management to get complete 
360-degree benefit throughout a Project’s life cycle.

References
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Synopsis
Technology has changed the way architects plan and 
design buildings from the beginning to completion 
and the way that clients experience the design process. 
The biggest challenge Design firms face is to convince 
the client that the finished product would be better 
than the 2D or 3D representation. The advent of smart 
phones and changing speed of the Internet has seen the 
change in the way people in society exist and function, 
transforming the world in just a few decades. These 
technologies are having a direct influence in everyone’s 
daily lives and that has quickly evolved to include the 
usage of a variety of digital tools for work. That applies 
to architectural work as well, which have also moved to 
usage of state-of-art digital tool.

This article looks at the probabilities hooked up to 
the technological advances of recent years including 
immersive reality technologies namely Augmented 
Reality (AR), Virtual Reality (VR) and Artificial 
Intelligence (AI).

Introduction
It is possible for modern architectural design to 
incorporate all details in a digital model of a building, 
right from concept to end of life and demolition  
thereafter. VR integration is a natural extension of 
the design process as more design firms use BIM and 
its 3D-based workflow. Using modern technology to 

reinforce and assist architectural design has several 
benefits:

• The interactive experience allows users to engage 
more deeply with the product and provides a true-
to-life depiction. Clients and buyers can put on a 
virtual reality headset and see the construction 
process evolve or interact with a 3D print of their 
future home, office or plant.

• Reduction in project costs: Based on the virtual 
feel, clients get an opportunity to use technologies 
like virtual reality or 3D printing to pinpoint places 
they’d like to improve. The procedure becomes 
more convenient and cost-effective for stakeholders, 
the earlier that any adjustments are discovered and 
recorded.

• Streamline collaboration: Building Information 
Modeling (BIM) allows everyone participating 
in a project to be on the same page at all times. 
Engineers, designers, and architects can utilise a 
BIM platform to make sure their designs are in sync 
before the building construction begins.

Virtual	Reality	(VR)
Virtual Reality has helped create photo-realistic 
renderings aiding the architects achieve the desired 
output by creating a more accurate representation of the 
product and capturing an idea more precisely.
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With the touch of a button and the darkening of a 
headset, many possibilities are available:

• Clients can visualise and take a closer look at the 
building elements – floors, ceilings and finishes 
giving them a greater sense than a traditional 
2D image would, with the option to request 
adjustments or suggest alterations before the start 
of the project.

• At the conceptual phase, or even for exploring 
spatial relationships, it helps create views from 
different areas of the building, assess the impact of 
daylight at different times of the day or year.

• Actual experience of proportion and scale is feasible 
with VR, which is not possible in a physical scale 
model or BIM model on screen.

• VR aids in the evaluation of design options and the 
presentation of proposals and helps in resolving 
construction and serviceability issues before the 
start of construction.

• People can use virtual reality to react to real-world 
circumstances, grasp the safety implications, and 
determine what modifications are needed. It is 
possible to check the paths to emergency exits 
using virtual reality.

Four innovative VR products in architectural space are:

• Symmetry, IrisVR - a revolutionary set of tools that 
converts 3D CAD drawings into immersive virtual 
worlds, allows users to change designs directly in 
the virtual realm.

• Truvision - builds virtual environments that users 
may navigate, view and interact with. Users may 
identify and rectify structural issues before start of 
the project, saving time and money.

• ARQVR - recreates structures using a gamepad 
and the Oculus Rift headset, with a customisable 
interface for creating and rearranging items. 
Customers can change aesthetic aspects such as 
painting of walls.

• NBBJ–3D drawings created for a project can be 

quickly converted to VR versions which can be 
utilised for future projects, which can be further 
explored using a smartphone.

VR has become affordable and a part of main stream due 
to easier availability  of various head-mounted displays 
(HMDs) such as Samsung Gear, Oculus Rift, Microsoft 
HoloLens, HTC Vive and Google Cardboard. By use 
of smart phones and card board headsets various VR 
architecture solutions can be created when used in 
conjunction with BIM software like Revit or any other 
one. Visualisation tools like 3ds Max with V-Ray can 
create stereo 360 panoramic photos directly. These can 
then be  published  to the web using different services 
like Scope, VRto.me and IrisVR Scope. Platforms 
like Stingray and Autodesk LIVE help to keep track of 
crucial building data and help to convert BIM data into 
VR.

Augmented	Reality	(AR)
Augmented Reality is similar in concept and gives 
the ability to apply a digital overlay to the real-life 
environment. Using that concept, the possibility of 3D 
model of a building overlayed on to physical site or 
overlaying of interiors in an existing building presents 
various opportunities for iterative design to be within 
the process of Architectural design.

AR also gives an opportunity to the architects to 
concentrate on the spatial aspects of  the structure 
and permit technology to take over the functional 
design process within the space. The opportunities for 
augmentation are in plenty such as  improvisation of 
tools employed in an office, home decor for selection 
of the colour palette on walls of a home or deployment 
of  signages in an airport for efficient way finding. The 
changing preferences of the user with the progress of 
a work can be effectively addressed by the Architects 
by use of this Technology as the architects need not be 
bound by some of the pre-defined aspects at the initial 
design stage. That would result in designs and spaces 
which tend to be personalized based on the user’s 
requirements thus  making the whole design process 
flexible and equitable.
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Augmented Reality Applications 

The DAQRI Smart Helmet allows users to view 3D models 
of projects in AR, syncing design office and site with digital 
workflow and monitor work in progress vis-à-vis the original 
schedule/ design. 

AR Sketchwalk, is a tool that is interactive and gives a 
realistic sense of space. The sketches can be positioned in an 
iPad and one can walk through the plans growing the walls 
as they move through the space.

AR Measure, Air Measure, Measure Kit are measurement 
applications. These Digital rulers use the camera of a cell 
phone to compute distances in real spaces. 

Augment – an application that converts a plan into a 3D 
model hologram. The users can view scaled 3D models in 
real time.

GAMMA AR uses AR via smartphone application to overlay 
BIM 3D buildings, useful for site monitoring. It enables 3D BIM 
models to be viewed before and during the building process 
and helps in reducing errors and construction costs. 

ARki is a real-time AR technology which is used on any 
Android/ iOS device. It helps on-site visualisation of models at 
any scale with interactivity for both design and presentation.
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Artificial	Intelligence	in	Architecture	(AI)
For most designers and planners in the field, past 
projects data is a very useful design tool and the 
process employed in gathering such data in many 
cases continues to be manual. Architectural design 
process can be magically transformed, if equipped with 
technology which will aid the ability of utilising the 
mammoth amount of the previous data in a split second.

Artificial Intelligence is a boon in that direction and will 
pave the way for transforming the work methodology in 
following ways.

1.		 Artificial	Intelligence	will	Change	the	
Fundamentals

 The ability of AI to use data to assist Architects in 
making decisions and recommendations is critical 
in the early stages of the project, when project’s 
design intent is to be comprehended. Long hours 
are spent compiling data from previous initiatives 
and doing a literature survey. With AI’s ability to 
process vast volumes of data, it would be quite 
simple to test and explore multiple concepts at the 
same time, drastically reducing the time required 
for conceptual design preparation. An AI system 
would assist an Architect in compiling building 
codes, coordinating variously abled design data and 
zoning data, and generating design possibilities that 
adhere to a design vocabulary.

2.  Parametric Architecture 

 Parametric design is similar to an architect’s 
own programming language in that it allows a 
user to experiment with different types of forms 
and structures by changing specific specified 
parameters. The programme allows the architect 
to quickly produce innumerable iterations of a 
product or a building by selecting the desired 
design output, filling in/ plugging data, and setting 
limitations. Parametric architecture, which uses 
complex algorithms and geometric programming to 
allow Architects to alter and optimise a building to 
match their demands, use CAD programmes such 
as Grasshopper.

3.  Faster and Easier Construction

 AI would make the architect’s planning process 
much easier by assisting in the production of models, 
simulation/ interpretation of the built environment, 
archiving and processing large amounts of building 
data. That information aids in the reduction of 
design and construction time. On the construction 
side, AI could help in building structures with lesser 
personnel. Robots can be controlled remotely or 
programmed to move in a predetermined route with 
utmost precision, speed, and consistency while it 
routinely tracks the progress. The consistency 
allows designers to construct highly reliable and 
accurate models. When combined with occupant 
behaviours and environmental conditions it is easy 
to predict how well a design would perform and fix 
the issues before they occur.

4.  Evolving of the Smart Cities

 Planning of a city is a complex task that necessitates 
meticulous planning. AI-powered Smart Cities 
would force Architects to reconsider their 
traditional designs. Smart Cities would be locations 
that are driven by real-time data and feedback, 
which communicate with one another in the same 
way that a living body does with Inter-connectivity 
being one of the most important long-term goals. 
We are moving towards a future where the vehicles 
would be able to communicate and sense the traffic 
signals, get data on available parking spaces, and 
those combined with features of a smart highway 
would result in safer cities with efficient traffic 
management. Days are not far off where air quality 
sensors would not only measure the emission levels 
but would be programmed to adjust the emission 
outputs of some buildings and areas to limit the 
city pollution levels. Rain water harvesting would 
be so designed as to efficiently drain the rain water 
and channel it to designated places such as water 
bodies, urban gardens and places in need of water 
thus avoiding flooding. Buildings, cell phones, 
automobiles, and public spaces would connect with 
one another to improve living conditions, monitor 
and increase energy efficiency, reduce waste, 
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improve safety, and reduce traffic congestion, limit 
waste, increase safety, and limit traffic.

5.		 Artificial	Intelligence	at	Home

 While designing an ideal home, the Architect would 
have to keep in mind how AI could be incorporated 
in the design. As a designer, the task would be to 
design a home integrating artificial intelligence to 
enhance user experience.

Conclusions
Digital tools are the order of the day in Architecture in 
the modern day, from Virtual Reality to manufacturing 
technologies, from Big Data to Artificial Intelligence. 
The possibilities appear to be limitless, and the 
potential to improve consumer experience in the field 
of Architecture are always expanding and improving.

Artificial Intelligence which processes information by 
analysing large amounts of data and perform various 
tasks such as recognition of speech, visual perception and 
translation of languages which normally would depend 
on human intelligence. The time saved by automating 
routine processes could be used to improve the creative 
design process. Digital technologies are everywhere, 
from the objects of communication to the infrastructure 
used to navigate the globe. From Augmented Reality 
for building and 3D printing architectural models to 

employing Artificial Intelligence inside the design 
process, digital technologies are all pervasive.
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Overview
In Construction and Engineering practice, Technological 
Building Management usually addresses the activities 
that are being planned for design, construction, 
operation, and even maintenance required for the 
entire facility. The main idea is to ensure an accurate 
actuation of appropriate actions within the organisation 
in aligning with the electro-mechanical services which 
comprise HVAC System, Fire Protection and Fire 
Alarm, Detection & Address System, Water Supply, 
Drainage, Electrical including lighting and power, 
Building Transportation such elevator, walkalator 
(travelator), and escalator, Communications, Security 
– Access Control, Closed Circuit Television (CCTV); 
Alarm, etc. all for Building Systems Operation. These 
are now managed with the aid of technology in the 
built environment. An example was presented in the 
author’s article, “Importance of Remote Sensing & 
Monitoring in Engineering Projects,” CEAI ViewPoint, 
March 2019, which discussed the Technological Design 
Process and innovation application within the built 
environment. However, technological demand has 
evolved over night due to the pandemic which the whole 
world is experiencing. It pushed all sectors especially 
project implementation away from the usual physical 
inspection or monitoring to adopt remote methods. Even 
the traditional construction management or technical 
meeting changed gradually due to mandatory health 
protocol by the respective governments, and started 
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using remote meeting applications such as Zoom, 
Microsoft Teams, etc. All others are also now using the 
same for their interaction even families and friends.

Engineering Practice within Technological 
Changes
Even 6-7 years ago the technological value did not mean 
a lot because of old school practices in the engineering 
consultancy and construction industries. However, the 
technological changes that were adopted by Multi-
National Engineering Companies especially for Fast 
Track Projects led others to also change their ways of 
working.

In today’s generation and further pushed by the 
pandemic, innovative technology started making 
inroads into the engineering and construction 
industries. The technology covers techniques and 
practices encompassing planning and design processes, 
data gathering, surveying, architectural and structural, 
utilities and building services, supply chain and 
logistics, project management and construction 
supervision, facilities and management studies, all for 
the built environment.

In engineering practice, engineering technology is 
the practical application of science and engineering 
commonly used not only by consulting design firms but 
also by a wide range of real-world problems applications. 
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The difference between engineering and engineering 
technology are not always obvious. In engineering there 
is a strong emphasis on mathematics and science while 
engineering technology emphasises the application of 
engineering techniques to the development of design 
concepts.

As mentioned, technology is evolving rapidly, enabling 
faster change and continuous progress. As all have 
experienced the COVID-19 outbreak, caused a spurt in 
use of technology and newer ones emerged, and they 
discussed below.

1. 3D Technological Printing,

2. Building Information Modeling (BIM),

3. Artificial Intelligence (AI) and Machine Learning 
(ML),

4. Virtual Reality and Augmented Reality,

5. Computer-Aided Engineering (CAE) for Services 
Design Structure,

6. Enabled Remote Sensing via Cloud Technologies,

7. Drones for Field Data, Survey, Construction 
Monitoring, carrying and delivering material, Fire 
Suppression, etc., and

8. Hydronic Systems and Digitalisation

3D Technological Printing
The author personal experience of using 3D Printing 
technology is an upcoming technology. The process 
can be used even for making models for presenting a 
project’s perspective to clients. On a prototype it would 
facilitate realization of the architectural and engineering 
design drawings accurately in a timely and sustainable 
manner by reducing the number of material waste, 
and increasing construction speed, especially where 
repetitive designs are involved. 

Building	Information	Modeling	(BIM)
Although the process is not new, its use in architecture 
and engineering for buildings came in much later. 
It provides space for better project collaboration, 

streamlining all design processes, and increases work 
efficiency.

Although the BIM concept has been developed since 
the 1970s, however, the significance of its value became 
popular in the early 2000s with more engineering 
societies and researchers, the development has been 
created to simplify the use and adoption of BIM in 
construction industries towards standardization started 
in the United Kingdom from 2007 to date and formed 
as the basis in the creation of international standard ISO 
19650 in January 2019.

When the Gold Line Metro Rail Project, Doha, Qatar 
was on hand in 2015, the use of BIM helped the 
project implementation process in solving issues 
such as services clash detection by providing a more 
reliable picture and easy installation accurately on-site 
activities.

With those innovations now in engineering industries, 
computer-aided design and manufacturing (CAD/ 
CAM) that integrate into BIM provides model-based 
design, engineering simulation, collaborative software 
that simplifies the design stage into execution, machine 
vision, and augmented and virtual reality tools.

Artificial	Intelligence	(AI)	and	Machine	
Learning
Artificial Intelligence (AI) continues as one of the 
technology trends in the present time because of 
its notable effects on one’s lives, works, and plays. 
An example which is being experienced today is the 
superiority in image and speech recognition as well as 
using navigation apps, smartphone personal assistants, 
ride-sharing applications, and others.

In construction, AI is useful to analyse interactions so 
as to determine underlying connections and insights as 
well as predict demand for services for better decisions 
in resource utilisation, detecting changing patterns of 
behaviour through analysing data in real-time, driving 
revenues, and enhancement of personalised experiences.

Machine Learning (ML), a subset of AI, is being 
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deployed in all kinds of industries and is thereby 
creating a huge demand for skilled professionals. ML 
can be used in all engineering construction activities to 
simplify the work of professionals.

Virtual Reality and Augmented Reality
Virtual Reality (VR) immerses the user in an 
environment while Augmented Reality (AR) enhances 
its environment. These technologies and the new ones 
developing in their wake have found applications for 
gaming, training, webinars, and also for conducting 
meetings, e.g., Zoom, Microsoft Teams, and others. 
They also enable tackling design projects, having 
virtual coordination from concept, schematic, detailed, 
and construction design drawings. The COVID-19 
outbreak, made their extensive use more extensive 
and popular. In the construction sector the way of 
communication to interact for planning, design, right 
to monitoring progress and thereafter moved to being 
done remotely.

Computer-Aided	Engineering	(CAE)	for	
Design 
Highly sophisticated software tools now allow 
consulting engineers to plan, design and execute 
their creations of all services into prototypes digitally 
in a 3D space that gives them complete control over 
every detail from start to finish. Some of the software 
being used are: CHVAC Elite, RHVAC Elite, HAP 
Carrier, Fire Elite, Drainage Elite, Plumbing Elite, 
Auto CAD, Microsoft Office, Infrastructure (HEC-
RAS, HEC-HMS, InfoWorks-ICM/WS, SewerCAD, 
StormCAD, WaterGEMS, and OpenFlows Sewer 
GEMS), Scheduling, Outlook, Microsoft Project, Mind 
Mapping, ASANA Team-Based Work Management 
Tools, STAAD, Dialux Lighting Design, etc.

Enabling Remote Sensing via Cloud 
Technologies 
This has been discussed in the author’s article, 
“Importance of Remote Sensing & Monitoring in 
Engineering Projects,” CEAI ViewPoint, March 2019, 
which discussed the Technological Design Process 

and innovation application within built-environment. 
The difference between Remote Sensing and Remote 
Monitoring Application are like those of human senses 
such as ears or nose or touch to identify something in the 
environment while monitoring can be our eyes sending 
the signal to our brain to assimilate and respond.

Technical advancement has enabled building services 
operation using cloud technology, communication 
services via internet applications, and monitoring of 
devices through the electromagnetic spectrum that 
can be controlled without physical appearance. The 
article referred to above is about Remote Sensing and 
Monitoring in a Building’s Healthcare Facility, MEPFS 
and Utilities Building Automation System, Building 
Transportation, Building Lighting Control Strategies, 
Building Indoor Quality Monitoring Equipment, and 
Strategic Control through the Building Physics. 

Remote Sensing and Monitoring are key requirements 
for Building Management and Control systems and 
their incorporation in the building project scales up 
environmental sustainability. The Building Facility 
Manager needs to work closely and be fully familiar 
with the building services controls and monitoring since 
they play a significant role in today’s Green Building 
science.

For Facility Management, an appropriate Building 
Services Engineering Management Plan ought to be 
designed to simplify the application of the Building 
Management and Control Systems to enable compliance 
with the specific work condition, intended purpose, 
laws, and regulations applicable to the building.

The benefits of a properly designed, executed, operated, 
and maintained Building Management and Control 
system with remote Monitoring and Control are 
immense and will grow as facilities become bigger and 
towers increase.

Drones for Construction Monitoring, Fire 
Suppression, etc.
The development of drones is a great tool and was very 
useful for the Gold Line Metro Rail, Doha, Qatar in 
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2016. Most people now are using it to capture aerial 
views, data, as well as conduct drone inspections by 
Engineers of the works on-site, transfer material, etc. 
The unmanned flying machines can map the earth’s 
surface with incredible accuracy. Drone usage is most 
prevalent among design consultants and construction 
managers who can quickly assess their worksite 
inspection while avoiding construction hazards and 
risks.

Drones are also playing a significant part for fire 
suppression in tall buildings and not easily accessible 
areas. Refer Photograph-01. They help reduce the 
fire suppression costs significantly when compared to 
traditional methods which require manpower and also 
exposes the Fire Fighters to hazardous.

Hydronic Systems and Digitalisation
Hydronic systems are often overlooked on projects 
due to cost-saving measures, but they are critical in the 
performance of buildings and establishments and can 
very well save on operating and maintenance costs in the 
long term. The good thing by using these technologies 
is that they enable using of more sustainable energy 
resources, resulting in a lower carbon footprint and 

lower building ownership and operation costs among 
stakeholders. Efficient heating or cooling require 
efficient systems to run and hydronic systems have the 
ability to preserve both indoor climate as well as energy 
sources and be a win-win solution for all.

Conclusions
Engineering is an ever-changing industry from all 
aspects of work whether it be consulting or construction. 
With the advancements in technology briefly discussed 
above, the field of engineering is evolving from 
working solely from designing and building within a 
built environment and infrastructure to one that can 
analyse and simulate almost every condition - virtually 
and smartly, that the facility would go through during 
its life.

Technological advances in engineering and construction 
have made it possible to plan and execute projects in 
a smarter manner as compared to the traditional way 
and can deliver quality work plus keep the projects on 
budget and on time.
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Is this the first time the world has encountered an energy 
transition? Before analysing the situation of today and 
tomorrow, it would be prudent to review the history of 
the energy transition concept.

Our ancestors used wood as their basic source of energy 
for cooking and heating in earlier days. The primary 
energy source then shifted to coal and after that, to 
oil and gas. From an examination that transition, it is 
apparent that the need for transition was triggered due 
to the increased use of mechanical power into the day-
to-day activities. Animal power was being used earlier, 
however with the growing population and requirement 
of movement; speed became a priority. To overcome 
the limitations of animal power, man started inventing 
mechanical devices. It is a proven truth that necessity 
is the mother of innovation, hence it is necessary to 
understand first what the next necessity would be.

With the development of Internet is high speed 
movement now really needed? Is it a necessary activity 
to commute daily for most?

As humans evolves technically, the definition of 
development is changing day by day, and debate on 
whether the definition deliberated or imposed on all 
the globe is applicable or acceptable to all is still in its 
infancy.

The parameters for declaring a nation or country as 
developed or underdeveloped presently focus on the 
need for technical advancement and thus create an 
obligation to increase generation of mechanical power. 
As per the law of energy conservation, mechanical 
power is generated through conversion of an energy 
source, hence an increased requirement for mechanical 
power is directly related to energy demands and the 
need for a basic uninterrupted supply of energy remains 
unaltered. Considering factors such as the limited 
reserves of fossil fuels, the environmental impact and 
the rapid development of populous countries such as 
India, it is rational to accept that energy transition must 
occur.

Recent research shows that the energy transition would 
not be solely a technological fix but would require 
some combination of economic, political, institutional 
and socio-cultural changes. Without doubt, that change 
must be guided by a combination of technology and 
sustainability.

Considering the limited fossil fuel reserves, it is 
prudent to have a rapid energy transition, at least 
for the developing countries to build and maintain 
economies and transportation systems like those of 
the developed nations. As countries must now respond 
to climate change, carbon emissions would be an 
increasingly important consideration in the selection 
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of resources to meet the demand for transportation, 
heating, cooling, lighting, electricity and other needs 
like agriculture, fertilizers, electronics industries and 
telecommunication.

The question that arises if people want to respond to 
the situation by creating a clean and resilient energy 
system that would bring major benefits for human 
prosperity and well‐being? The answer is - Yes, there is 
a requirement to draw a global roadmap.

Focus India: India’s energy requirements are mainly 
met by coal, petroleum, and biomass. Those sources 
have, in aggregate, consistently met over 80% of India’s 
total energy demand since 1990. (Source IEA data). 

Coal is the leading energy source in power and 
contributes to over 44% of India’s energy needs. Coal 

demand nearly tripled between 2000 and 2019. (Source 
IEA data). Coal has played a significant role in India’s 
economic development. However, that has resulted in 
air pollution and growing greenhouse gas emissions.

India’s economic growth has been accompanied by a 
supersonic boom in the transportation market. Demand 
for new vehicles has increased fivefold in the last 
decade, rail travel has almost doubled per capita, and 
air travel is consistently increasing day by day. Hence 
it is evident that India must invest both money and 
resources to meet the nation’s energy demands. 

Presently there are “ZERO” pollution vehicles available 
in the transportation market which run on electricity. 
However, since the same electricity, is mostly generated 
using fossil fuels, they do not have a significant impact 
on the reduction of greenhouse gas emissions. 

Passenger Car Sales by Scenario, 2019 and 2040
(reference	IEA	World	Energy	Outlook	2021)

The Stated	 Policies	 Scenario	 (STEPS)	 assumes that 
the pandemic would be gradually brought under control 
in 2021. Against that backdrop, it assesses the direction 
in which today’s policy settings and targets seem likely 
to take the energy sector in India, considering a range 
of real‐life constraints that might affect their realization 
in practice.

The India	Vision	Case	(IVC) takes a more optimistic 
stance on the speed of economic recovery and long‐term 
growth, and on the prospects for a fuller implementation 
of India’s stated energy policy ambitions.

The Delayed	Recovery	Scenario	 (DRS), by contrast, 
examines the implications of a more prolonged 
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pandemic with deeper and longer‐lasting impacts on a 
range of economic, social and energy indicators than is 
the case in the STEPS.

The Sustainable	 Development	 Scenario	 (SDS) takes 
a different approach, working backwards from specific 
international climate, clean air and energy access goals, 
including the Paris Agreement, and examining what 
combination of actions would be necessary to achieve 
them.

(Reference India Energy Outlook 2021)

Renewables and India’s status: It is true that India 
is putting huge efforts towards the development of the 
renewable energy sector and there is sustained growth 
in the generation of clean and green energy using solar, 
wind and other options. However, are they enough? 
No, not when the government is targeting heavy 
industrialization.

India’s Performance in Production and Import of Energy Sources
(reference	IEA	World	Energy	Outlook	2021)

From the table, it is seen that the local production is 
not able to meet the demand of fuel and so imports 
are consistently increasing. If this graph is correlated 
with India’s commitment (Go Green by 2070) towards 
reduction of Greenhouse Gas emissions, it can be said 
that the task is tough, and the schedule is very tight.

India has made initial steps towards exploring the 
potential of adding more energy generation through 
renewable sources like creating larger solar parks, 
adding capacity in wind power generation and hydrogen 

Note: Mtce = million tons of coal equivalent; mb/d = million barrels per day; 
bcm = billion cubic meters.

as a source of energy. Hydrogen is the cleanest fuel 
available to us in the form of water and generating 
hydrogen using the electrolysis process is an age-old 
technology. Developments in the field of increasing 
efficiency of electrolysis process can support the 
reduction of fossil fuel requirements. 

The first roadmap for India was produced in 2006 by 
the Ministry of New and Renewable Energy, and the 
government has since been investing in research and 
development via various public sector institutions.
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As the situation in each state differs extensively, it 
would be prudent to provide greater autonomy to states 
when it comes to development in the energy sector. 
Identifying which states are energy rich and energy poor 
would also enable the creation of a roadmap to reduce 
energy poverty by adapting suitable energy generation 
technologies.

India must accept that economic growth would continue 
to bring increased energy needs. Hence it is necessary 
to have a strong commitment, detailed plans, targeted 

actions, and a positive response from each stakeholder. 
The plan must take into full consideration the changing 
demand patterns in various regions based on climatic 
conditions, technology advances based on local 
demands and available finance to achieve NET ZERO. 

NET ZERO: Net Zero is the result of a series of steps 
to reduce Greenhouse Gas Emissions as much as 
possible towards zero, and then offset the remaining 
small amount.  

Climate change and its impacts must be at the focal 
point of every energy transition decision in the coming 
years. It is very true that not all energy transitions 
would move at an equal pace, and many developing 
countries may not be financially and technically ready 
to accommodate this transformation and would require 
support. However, all segments of society need to play 
their part and create the opportunity to do so. 

It is suggested to generate clean energy by adapting 
a modular concept, which means, small energy 

generators at several places to avoid unnecessary 
transportation and loss of energy, making a town energy 
sufficient. Considering high market available, that has 
a high potential to create employment and promote 
entrepreneurship. “MAKE MY ENERGY”

In India where the energy sector is partly deregulated 
and increasingly financed by private organisations, it 
is becoming more important to maintain government 
control and formalise consumer opportunities to 
choose sustainable energy. That is applicable not only 
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to individual customers, but also large international 
manufacturers, governments, public transport services, 
corporates, and other small or big entities that aim to go 
green. “Green energy” procurement could be a strong 
driver for transformation. 

Finally Net Zero should not be perceived as solely a 
driver for economic growth, it must be an answerable 
approach towards rectifying the pollution problems 
which have been created by man. Energy systems 
should no longer be based on inefficient, expensive, 
and obsolete technologies. Developed countries must 
now come forward to support the change, supporting 
energy poor countries to supplement their energy needs 
through renewable energy generation only.

Processes are already under way on the work to reach 
NET ZERO, but the process must accelerate. To achieve 
the climate commitment faster more speed is required 
in the collaboration between energy producers, supply 
industry, energy users and authorities.

vlrks ek lkn xe;] relks ek T;ksfrj~ xe;] 
e`R;ksj ek ve`re~ xe;

(Asato Ma Sad Gamaya, Tamaso Ma Jyotir Gamaya, 
Mrityor Ma Amritam Gamaya)

Lead us from ignorance to truth, Lead us from darkness 
to light, Lead us from death to deathlessness.

NOTE: This article was prepared by the author in his 
personal capacity. The opinions reflected in the article 
are his own and do not purport to reflect the opinions or 
views of Aker Solutions.
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Abstract
Hydrogen is being seen as playing a major role in 
energy transition as a long-term strategy to decrease 
the emissions from fossil fuels and also help to achieve 
industrial ambitions. It is therefore beginning to receive 
enormous attention and acceptance as an energy carrier 
and a carbon-free solution for different sectors. This 
paper focuses on the background and the present status 
of hydrogen production technology and their readiness 
level and a preliminary cost analysis.

Key words: Energy Transition, Hydrogen, Technology, 
TRL, Economic Analysis

Introduction
Energy usage in industrial, domestic and transportation 
accounts for an overwhelming proportion of greenhouse 
gas emissions. The cost of fossil fuels is increasing and 
fluctuating due to depleting resources and growing 
concerns for climate change that require an immediate 
solution. Globally, the determination to achieve ‘net 
carbon-neutral’ targets by 2050, requires new clean 
energy sources and efficient energy systems. A few 
strategies that could help to reduce greenhouse gas 
emissions and achieve the net-carbon neural target are:

• Increase or optimise the energy efficiency of 
existing/ new energy systems.

• Increase the usage of renewable energy.

• Shift entirely to zero-carbon technologies to 
generate electricity.

• Integrate carbon capture system in cement, refinery, 
steel industries, etc.

• Biofuels with Carbon Capture, Utilization and 
Storage (CCUS).

• Shift to electrical vehicles from conventional IC 
engines.

• Shift to clean energy as hydrogen (H2) from 
conventional energy systems.

Of the above strategies, H2 can be produced as a zero-
carbon fuel and would be a major contributor to meeting 
the objective. It is therefore in the limelight and is being 
looked at as an acceptable energy carrier and a carbon-
free solution for the different sectors.

India has a huge edge in green hydrogen production 
owing to its favourable geographical conditions and 
presence of abundant natural elements. Recently, 
India has launched the National Hydrogen Energy 
Mission (NHM) which focuses on (a) generation of 
hydrogen from green power resources, and (b) it is 
linked with India’s growing renewable capacity. The 
Government of India has given a push to scaling up the 
gas pipeline infrastructure across the country and has 
introduced reforms for the power grid, including the 
introduction of Smart Grids. Such steps are being taken 
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to effectively integrate renewable energy in the present 
energy mix. Further, to increase the renewable power 
generation, storage and transmission, producing Green 
hydrogen in India can become cost effective, which 
would also ensure self-sufficiency gradually. The usage 
of hydrogen would support the global decarbonisation 
ambition under the Paris Agreement and would reduce 
import dependency on fossil fuels.

This paper focuses on the background and presents the 
status of hydrogen production technologies and their 
Technology Readiness Level (TRL) and cost analysis.

Background of H2

Hydrogen is a high energy density fuel (approximately 
120 MJ/kg), which is equivalent to 33.6 kWh of 
usable energy per kg of H2. It is an alternative energy 
carrier with potential application across all energy 
sectors and it thus plays a major role in the low-carbon 
economy. At present, H2 production is around 70 
Mtpa (million metric ton per annum) worldwide. It is 
produced from Natural Gas (48%) by Steam Methane 
Reforming (SMR), Crude Oil (30%), Coal (18%) and 
Water Electrolysis (4%)(1). At present almost 96% of 
hydrogen is produced from fossil fuel sources.

Grey H2 refers to use of fossil fuels, to produce H2, that 
release carbon emissions into the atmosphere primarily 
as CO2 or Greenhouse Gas emissions (GHG). This 
hydrogen production process annually consumes about 
205 billion m3 of Natural Gas (NG) (6% of global NG 

use) and 107 Mt of coal (2% of global coal use). At 
present global H2 production is accountable for 830 Mt 
of CO2 per year(2). These emissions can be reduced 
by integration of carbon capture technology with the 
existing H2 production process, which is called as 
Blue H2. The carbon-capture technology removes and 
sequesters the GHG emissions before they can enter 
the atmosphere. That however, is only dodging the real 
sustainability issue – to stop GHG generation.

Emerging low/ zero carbon technologies, like 
electrolysis of water, could eradicate GHG emission. 
That approach can be used to increase low-carbon 
hydrogen into other sectors to tackle emissions(3). 
Electrolysis of water requires electricity as a source of 
energy, which could be obtained from renewable energy 
sources such as solar, wind, biomass, geothermal, 
etc. The hydrogen produced by using electrolysis of 
water from renewable sources is referred to as Green 
Hydrogen. At present, only 4 % of hydrogen is being 
produced by electrolysis of water due to economic 
issues like renewable electricity price and the capital 
cost of the electrolyser. However, the production is 
anticipated to increase in the near future due to the swift 
development of renewable energy (solar, wind, etc).

Uses of hydrogen have been extended to many new 
applications such as an energy storage medium, an 
energy carrier and fuel. H2 is used as a fuel in hydrogen 
vehicles, stationary power sources and building heating. 
It is also used as an industrial feedstock (e.g. for oil 
refining processes, ammonia production and methanol 

Figure-1: Stepping stones based on the carbon intensity of hydrogen
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production) and industrial energy. In 2050, the global 
hydrogen demand would increase more than 800 Mtpa 
due to extended new applications. India’s total H2 
demand is likely to touch 11.7 Mtpa by 2030 from the 
current 6.7 Mtpa (2021).

At the same time, low-carbon technologies need to 
be implemented to avoid GHG emission. Recently 
the World Business Council for Sustainable Business 
Development (WBCSD-2021) updated Vision 2050 for 
“Time to Transform” to deliver both the Climate Action 
and the UN Sustainable Development Goals and policy 
recommendations to accelerate hydrogen deployment 
for a 1.5oC Scenario. Figure-1 shows the steeping 
stones based on the carbon intensity of hydrogen 
production(4).

The existing hydrogen production process of SMR 
emits about 9-11 kg-CO2 per kg of H2 and it would be 
reduced or nullified by 2050 by upgrading of process 
and employing zero carbon emission processes. Various 
low-carbon technologies are emerging to produce clean 
energy which could achieve net-zero emissions by 
2050.

Technology Maturity
Commercially, there are two technologies available 
for bulk production of hydrogen - Steam Methane 
Reforming (SMR) and Electrolysis of Water.

The SMR process is the most well-known process 
for large-scale hydrogen production, with 74% – 
85% conversion efficiency. SMR uses Natural Gas as 
feedstock, and the process releases high concentrations 
of Greenhouse Gases (9-11 kg of CO2 per kg of H2 
produced). However, it is the cheapest production 
route. The hydrogen produced is called Grey Hydrogen. 
The process has concerns, such as high CO2 emissions 
and the need for high capital and maintenance costs. 
Nowadays, Hydrogen producers are integrating Carbon 
Capture and Storage (CCS) technology with the SMR 
process, which results in free-CO2 emission to the 
atmosphere. The hydrogen thus produced is called Blue 
Hydrogen.

The Water Electrolysis technology has been the most 
acknowledged commercial technology for hydrogen 
production and has received significant attention 
globally. Water Electrolysis employs the splitting of 
water molecules into hydrogen and oxygen molecules 
by using electricity. The electrolyser is operated with 
clean power sources (for example solar or wind). 
The resulting pollutant-free H2 produced is known 
as Green Hydrogen. The Green Hydrogen shows an 
encouraging trend towards providing more sustainable 
solutions in the long term than Grey Hydrogen. There 
are four technologies available for electrolysis of 
water viz. Alkaline Water Electrolysis (AWE), Proton 
Exchange Membrane Electrolysis (PEM), Solid Oxide 
Electrolysis (SOE) and Anion Exchange Membrane 
Electrolysis (AEM).

Table-1 shows the typical PEM configuration details. 
Typically, Alkaline Water Electrolysis and Proton 
Exchange Membrane Electrolysis operate at a low 
temperature (<90oC). AWE is available in the megawatt 
(MW) range. PEM is more beneficial than AWE due to 
its compact size, high purity (>99.99%), cleaner, more 
reliable, ecologically safe nature, and the possibility 
to be produced at high pressure. Currently, AWE and 
PEM are dominating the global market more than 
SOE. Typically, the specific energy consumption of 
AWE and PEM are 3.8 kWh/Nm3 and 4.53 kWh/Nm3, 
respectively(5).

Figure-2 depicts the current hydrogen production 
technologies and their TRL scale. Electrolysis of water 
is one of the promising technologies nowadays and 
has reached TRL 9, but it is available at small to mid-
scale. Other technologies - thermolysis and photolysis 
are innovative approaches but are in the research stage 
-TRL 1 - 2. Thermochemical (gasification/ pyrolysis) 
of biomass technology has reached TRL 7 and needs 
further investment to commercialise. Biological and 
electrochemical processes are at lower TRLs, 4-5 
and 2-4 respectively, and require a lot of research to 
improve the yield.

Generally, the cost of hydrogen is a function of the 
feedstock and operating cost to run the system. Typically, 
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Parameters UOM

Electrolyte
Electrolyser Capacity MW 1.25 2.5

Nm3/h 246 492
kg/day 531 1062

Delivery pressure barg 
Specific energy consumption at stack kWh/Nm3

H2 Purity
Other impurities concentration 
Start-up time (from off state) min
Ramp-up time (minimum to full load) sec
Ramp rate (% of full-scale)
Production capacity dynamic range %

Consumption rate at maximum production litre/h 222 444
Temperature °C 
Input water quality
Water purification system (included)

Electrical requirements

Power quality

Electrolyser container W x D x H m 12.2  x 2.5  x 3 12.2  x 2.5  x 3 
Rectifier/transformer container W x D x H m 6.1  x 2.5  x 2.6 12.2 x 2.5  x 3 

DIMENSION

Reverse Osmosis/Electronic DI (RO/EDI)

6.6 to35 kV, 3-phase 50 Hz/60 Hz, Low 
voltage.
Total harmonic distortion: < 5%, power factor: 
> 0.9 nominal power, at normal power.

Net production rate

H2O < 500 ppm; N2 < 2 ppm; O2 < 1 ppm;

DI WATER REQUIREMENT

ELECTRICAL SPECIFICATIONS

< 5 
< 15 

≥ 15% per sec (power input mode)
10 to 100%

5 to 40
ASTM Type II Deionized Water

Specification 

Proton Exchange Membrane (PEM)

30 barg (435 psig)
4.5 (50.4 kWh/kg)

99.95%

ELETROLYSER

Table-1: Typical configuration of PEM electrolyser (NEL)

Figure-2: TRL level of various hydrogen production technologies
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Capital Expenses (CAPEX) calculations include various 
components such as conversion unit (like electrolyser, 
SMR, gasifier, etc.) including the balance of plant, 
stack replacement, project planning, deprecation period 
and interest rate. Operating Expenses (OPEX) include 
direct operating costs of production (i.e., deionized 
water, specific electricity consumption, catalyst, KOH 
requirements, process steam, nitrogen and maintenance 
cost, etc. are considered).

Currently, SMR and coal gasification have the lowest 
H2 production cost (< 2 $/kg H2) due to large-scale 
existing infrastructures (TRL 9) and the low price of 
the feedstock. Biomass gasification and pyrolysis have 
reached TRL 7 at a mid-size plant. Hydrogen production 
cost is in the range of 1.21 - 3.5 $/kg H2. However, it 
emits CO2 like the fossil fuel feedstock. It also has a 
few challenges such as type and quality of feedstock, 
reactor cost, and CCS systems combined with the 
processes. Water Electrolysis process is an emerging 
technology to produce Green Hydrogen. but its cost is 
high compared to the SMR process.

Economic Analysis
The production cost of Grey H2 varies from US$ 0.9 to 
1.5 per kg of H2 and that of Blue H2 varies from US$ 
1.5 to 2.3 per kg of H2 (assuming Natural Gas price of 
$3.50/MMBtu), however, that generally depends on the 
country’s natural gas price. In line with net-zero carbon 
ambitions, Green H2 production could be considered as 
a long-term strategy. It requires extended infrastructure, 
clean and cheap electricity and low specific energy 
consumption of electrolyser.

Blue H2 could be considered for short-term and medium-
term. Blue H2 would be needed to rapidly reduce 
emissions from the existing Grey H2 production and 
support the parallel and future development of Green 
H2 production. The success of Blue H2 use would be 
largely dictated by prices for both carbon capture and 
natural gas. At present, the cost of producing Blue H2 
increases with increasing rates of CO2 capture. The Blue 
H2 production costs would fall over the next decade 
due to decrease in the cost of CO2-capture equipment. 
At present, carbon capture and storage typically add 

$50/MT of CO2 captured to the cost of producing Blue 
H2, or $0.25/kg of H2 to the cost of Grey H2.

Generally, the cost of Green H2 is a function of the price 
of electricity required for the process, the cost of the 
electrolyser and operating cost to run the system. The 
hydrogen cost differs due to the source of electricity 
price and technology selection. Economic analysis 
was carried out to estimate the cost of H2 production. 
The mass balances and utility requirements have been 
adopted from literature(6).

Key assumptions for economic analysis
• Specific energy consumption of electrolyser as 53 

kWh per kg of H2
• 8,000 annual full load hours
• Production capacity of 160 TPA
• 10-year life and linear depreciation
• H2 storage cost at US$ 0.23 per kg
• H2 transport costs US$ 1.73 per kg
• Utilities consumption for a kilogram of H2 as 10.11 

m3 of pure water, 2.75 x 10-4 kg of KOH solution, 
0.038 kg of process water and 0.7115 x 10-4 kg of 
nitrogen.

Figure-3 shows the break-even analysis of the Green 
H2 production cost curve. The analysis focuses on the 
impact of the electricity price and electrolyser price 
on the production costs of Green H2 and relates it to 
fossil fuel-based Grey/Blue H2 costs. The grey colour 
panel shows costs of hydrogen produced from fossil 
fuel via SMR and coal gasification. It indicates that the 
cost of Green H2 production would fall significantly 
due to declining costs of electricity and scaling up of 
electrolyser manufacturing. For instance, in a scenario 
where the electricity prices are below US$ 40/MWh 
and US$850/kW, Green H2 cost is expected to reach 
cost competitiveness and can break-even in comparison 
with conventional production technologies. With the 
current cost of Green hydrogen produced by electrolysis 
is estimated at around US$ 5 per kg H2 with electricity 
prices at US$ 80/MWh and US$ 1200/kW, India’s 
Green hydrogen plan is to more than halve it to US$ 2 
per kg H2per kg by 2030.
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Figure-3: Break-even analysis for H2 production cost

The report of H2 road map of different countries 
predicts that Green H2 production costs could fall by 
as much as 64% by 2040 with greater utilisation and 
reduced renewable power prices, at which time the 
cost of Green H2 would equal the cost of fossil-based 
H2. Costs for electrolyser for green H2 production 
are expected to decrease by 50% between 2020 and 
2030 with improved economies of scale, after already 
decreasing by 60% between 2010 and 2020. By 2050, 
electrolyser costs may decline by as much as 90% from 
the present-day price levels.

Conclusions
Countries are increasingly embedding Green hydrogen’s 
potential to decarbonize hard-to-abate sectors, within 
ambitious strategies. At present, the Middle East 
countries (Saudi Arabia and Abu Dhabi) are more 
interested on Blue H2 and are implementing one of 
the world’s biggest Natural Gas projects to make Blue 
hydrogen, which produces low carbon H2. It’s a help 
to the stepping stones based on the carbon intensity of 
H2. Australia, Canada, China, France, Germany, Japan, 
Norway, South Korea, U.K and US are moving toward 
Green H2. Those countries are taking steps to be at the 
forefront of developing technology, which could be a 
major source of energy in the future.

At present, photovoltaic and 
wind energy have advanced 
in the recent decades and the 
price of renewable energy is 
dipping. Many technologies 
have been developing 
and utilising renewable 
energy as against fossil 
fuel applications. Further, 
the costs of electrolysis 
facilities would need to 
fall from 40% in the short 
term to 80% in the long 
term. Original equipment 
manufacturers (OEM) 
are focusing on reducing 
the costs of electrolyser 
design and construction and 

precious materials like membrane and electrocatalyst.
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Introduction
Tensile Membrane Structures (TMS) have gained a 
foothold in the permanent construction of different 
structures over the last two decades. Since ancient times, 
membrane tents have been used as improvised shelters 
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and roof shades. Modern TMS, on the other hand, are 
far more sophisticated in terms of design, construction 
technology, and material qualities than their historical 
counterparts. TMS are made of lightweight fabrics 
and are used to cover vast areas like airport terminals, 

Fig. 1. Tensile Membrane Structures (Source: Wikimedia Commons)
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stadiums, parking lots, retail malls, theatres, toll booths, 
and facades, among other things (Figure-1). From an 
architectural viewpoint, these free-form constructions 
offer a wide range of flexible shapes (from the outside) 
and spatial forms (from inside). Construction materials 
and technologies that are more sustainable, cost-
effective, and have a lower carbon impact are also now 
in focus. These structures are not only lightweight and 
efficient, but they also allow for an environmentally 
responsible and quick construction process.

TMS differs from traditional structures in that they 
are highly nonlinear and force active. They are form-
active structures that do not have a fixed shape, which 
can change significantly under external loading. TMS 
consists of efficient membranes with negligible bending 
stiffness, thus they resist external loads only through 
in-plane stresses. The fabric’s entire cross-section 
uniformly resists the stresses by virtue of its tensile 
strength which results in the most efficient usage of the 
material. The membrane fabric is supported by “stiff” 
frames or prestressed cables (Figure-2). Occasionally, 
the fabric is joined at masts that are anchored by cables. 
The membrane is stretched to fit the boundary. PVC-
coated polyester and PTFE Teflon-coated glass cloth 
are the two most popular materials used [1]. In the 
fabric, ‘weft’ yarns are passed over and under fairly 
straight ‘warp’ yarns, causing the material to behave 
differently along the two yarn directions and is also 
prone to damage due to environmental effects. Unlike 
conventional structures made of steel or concrete, the 
initial shape of a TMS is unknown since it is dependent 
on boundary conditions and prestress forces that are 
applied. Hence, finding/ determining the initial form is 
the first important step in TMS design.

Most countries, including India, do not have a common 
or standard ecosystem for TMS projects. The limited 
international codes or recommendations, as well as 
the scarcity of experienced architects or structural 
engineers, severely limit the potential of such structures. 
Furthermore, poorly constructed structures may result 
in design failures, affecting user’s perceptions of the 
long-term safety and durability of such structures. 
Major failures, such as the 1999 collapse of Montreal’s 

Olympic Stadium’s new fabric roof serve as an example. 
As a result, there is a need for standardisation which 
would aid in the safe adoption, education, and trust 
building of TMS in the construction industry.

 Figure-2. Components of TMS

National Status
TMS use in infrastructure facilities and public areas, 
such as airports, stadiums, malls, toll booths, and so on, 
has increased dramatically over the last decade. Some 
prominent examples are Mumbai’s Chhatrapati Shivaji 
International Airport, Chennai’s MA Chidambaram 
Stadium, Navi Mumbai’s DY Patil Stadium, 
Hyderabad’s Rajiv Gandhi International Airport, and, 
most recently, Ahmedabad’s Motera Stadium. The 
promises that TMS’s hold are hardly realised in India, 
although it has matured to a reasonable extent in some 
other countries.

Despite the fact that TMS deployment has expanded 
several folds in India over the last decade, there 
is currently no national standard or even a formal 
guideline for TMS. Outside of the work by the research 
group at the Indian Institute of Technology Bombay 
including the current authors [2, 3, 4], there has been 
no significant R&D effort on the form-finding, analysis, 
and design of TMS, that has the potential to contribute 
to the formulation of standards.
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In India, the majority of TMS projects are conceptualised 
and led by enthusiastic architects. Most Structural 
consultants, have to acquire the specialised knowledge 
required to design these specialised structures. 
Multinational corporations that rely on international 
knowledge (and workforce) are often the only ones who 
hire structural design consultants. There is also lack of 
experience to using TMS software, and that could result 
in unintended scenarios. Polymer textiles, wires, and 
connections are generally imported.

International Status
TMS has been used extensively for numerous famous 
and public constructions around the world. That 
is backed up by a long history of collaboration in 
lightweight structure research and implementation 
among academia, practising architects, structural 
engineers and the construction industry. TMS is also 
used in elevated light/ metro rail, railway stations, bus 
terminals, and warehouses, among other places. Air-
supported structures, as well as retractable structures, are 
widely used. The recent years have seen an increase in 
the popularity of ETFE (Ethylene Tetrafluoroethylene) 
cushioned structures viz. the London Olympic Stadium 
(UK), London O2 Arena (UK), Denver International 
Airport (USA), King Fahad National Library (Saudi 
Arabia), Burj Al-Arab in Dubai (UAE), and others.

The few international standards and guidelines on TMS 
are:

Standards
(a)  ASCE SEI 55-16:2016, Tensile Membrane 

Structures
(b)  EuroCode (under preparation by CEN/TC 250 – 

WG5; expected to be completed by 2025)
(c)  DIN 4134:1983-02, Tragluftbauten – Berechnung, 

Ausführung und Betrieb
(d) CECS 158-2015, Technical Specification for 

Membrane Structures

Recommendations/ Guidelines
(a) Recommendations for the Design of Air Supported 

Structures, IASS, 1986

(b) Guide for Specific Membranes Structures, 
Membrane Structures Association of Japan, 1990

(c) Instructions for the design, realisation, verification, 
use and maintenance of tents, tensile structures and 
air supported structures, (Italian code (Draft)), 1995

(d) Recommandation pour la Conception des Ouvrages 
Permanents de Couverture Textile, Annals du 
Batiment Travaux, 1997

(e) TensiNet European Design Guide for Tensile 
Structures, TensiNet, 2013 The International 
Association for Shell and Spatial Structures (IASS) 
has two working groups, WG-6:Tension and 
Membrane Structures and WG-13: Computational 
Methods, on TMS.

Given the research background, availability of 
standards/ guidelines, independence in material and 
component manufacturing, and integration through 
project management, construction of TMS in North 
America and Europe (and to a lesser extent, Japan) can 
be said to have reached a certain level of maturity. The 
high level of technological readiness in those countries 
has had an impact on other parts of the world as well.

Typical Implementation
The typical design of a TMS consists of the following 
steps as shown in Figure-3.

Form-finding: Depending on the prestress and 
boundary circumstances, the initial shape of a membrane 
is unknown and unique. This form must be discovered 
[1] (Figure-4). Design of TMS is distinguished from 
conventional structures because of this form-finding 
method. The form-found shape should be anticlastic to 
ensure the required stability. This method is essentially 
used to find the configuration of a membrane under 
static equilibrium [4].

Load analysis: Wind, snow and dust loads are the 
most significant external loads. It is necessary to 
perform a geometric nonlinear membrane analysis [3] 
(Figure-5). To avoid ponding of water, the deformed 
geometry should have a “positive” curvature all across. 
Geometrically nonlinear deformation is used for wind 
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Figure-3. Implementation of TMS from design to construction

Figure-4: Form-finding process of hypar

Figure-5: Load analysis of hypar
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load analysis. Sometimes stress factors are used as 
permissible limits instead of utilising a limit state 
approach of design in order to simplify the complicated 
load analysis stage.

Patterning: The final design must go through a 
patterning stage in order to sew together different pieces 
of (flat) membrane fabric [1]. When stretching the flat 
parts to the curved surface, the patterned membrane 
must be corrected in order to obtain the desired 
prestress. The doubly curved TMS surface is difficult to 
project onto a two dimensional sheet of fabric. Sheets 
of fabric are seamed together to get the desired shape. 
Physical, geometrical and computational methods based 
on equilibrium methods can be employed for this stage.

Construction: To obtain the appropriate prestress and 
overall stability, the membrane is stretched and then 
held in position. The patterned fabric develops the 
design prestress when stretched over the supporting 
components. The tensioning of the membrane can be 
adjusted or reimposed by turnbuckles at the connecting 
points.

Challenges
TMS face challenges at different points of their 
implementation, some of which are:

● Form finding is a highly geometrically non-
linear process that is not well understood by 
most structural engineers. There are also different 
approaches of form finding with varying levels 
of accuracy in the form found solution. A form-
found shape having isotropic prestress might not 
be possible for unrealistic boundary conditions. 
The many computational approaches available 
have their own set of problems to consider, such as 
computing time, stability, and simplicity [5].

● Because of their light weight and flexibility, 
tensile membrane structures are especially 
susceptible to wind loading. The current method 
of design considering critical static wind loads is 
not representative of the actual behaviour, since 
the structure’s large deformation behaviour and 

dynamic wind loads get coupled, requiring detailed 
fluid-structure interaction studies. Consequently, 
the stochastic nature of wind loads becomes 
significant for these structures.

● There is no TMS standard in India, and there are 
just a few skilled practitioners. Due to a lack of 
appropriate code provisions, the design process 
is significantly more challenging. Other current 
standards’ approach to TMS design is to use a 
single stress reduction factor to account for the 
uncertainty in material properties, loads, durability, 
and construction faults, which is inefficient. That 
approach needs to be replaced by a more rational 
reliability based design.

● Investigating the erection process is particularly 
crucial since the entire system may not be stable until 
the whole process is completed, Besides, stresses 
experienced during erection may potentially exceed 
failure limits. The prestress must be maintained for 
the duration of the structure’s life, and long-term 
creep behaviour must be monitored.

● Membrane constructions must meet a variety of 
additional limitations and criteria in addition to 
the basic structural requirements. The building 
should be able to safely drain water (from rain or 
snow). Heavy dust may occur in areas where there 
are industrial plants emitting dust or have material 
stacked from which wind blown dust could get 
generated.

● The capacity of tensile membranes to transmit 
light is one of its main advantages. The fabric’s 
translucency should be considered while selecting 
the specific material for construction.

● Fabrics that are not insulated properly deteriorate 
due to UV radiation exposure. It may also lead 
to faster heating up or cooling down, causing the 
covered area to act as an unpleasant hot or cold 
radiator.

● Due to its thinness, the cloth may not provide 
enough acoustic insulation.

● Fire safety is also vital, and while most membrane 
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textiles are fire resistant, they should be tested at 
the very least. At high temperatures, toxic vapours 
from (untreated) PTFE materials necessitate 
suitable ventilation and sprinkler systems.

Development of Indian standard for TMS
A Working Group under Bureau of Indian Standards’ 
Sectional Committee CED 38 has been recently formed 
to develop a standard on Tensile Membrane Structures. 
Membrane producers, architects, structural designers, 
owners, and the end user are the primary stakeholders 
in a TMS project. A normative design standard serves 
as a forum for these parties to deliberate and evolve a 
standard.

The objectives for the Working Group are to:

● Evaluate the current and future scenarios for 
implementation of TMS structures in India,

● Define the scope and objective of the standard(s),

● Work toward developing the standard(s) for about 
next 3 years, and

● Plan and oversee necessary research and testing, if 
needed to complement the available scientific and 
technical know-how.

Conclusions
Tensile Membrane Structures have gained wide popularity 
in the field of structural design and architecture owing 
to their lightweight, eco-friendly nature and aesthetic 
properties. The structures are geometrically nonlinear 
(that is, very flexible) and hence, the design steps are 
very different from conventional structures. The initial 
form of TMS is unknown and it has to be discovered 
using form-finding algorithms. Subsequently, geometric 
nonlinear solvers are used for (wind) load analysis. 
Different patterning methods are then employed to 
cut the fabrics to the desired shape. The steps evolved 
in TMS design are extremely challenging. Although 

some countries have proposed design codes for TMS, 
the lack of such standardisation in India has limited its 
growth potential in the country. In order to alleviate 
these issues, a Working Group consisting of membrane 
producers, architects, structural designers, researchers, 
stakeholders, etc. has been formed under BIS CED 38 
to deliver a design code for standardising the design 
(and construction) process of TMS and thereby increase 
the confidence of various stakeholders towards future 
TMS construction projects. It can be expected that the 
design code would make the design process easier and 
could be adopted by the larger community of users in 
India, therefore realising the immense potential that 
these innovative structures have to offer.
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Modular Steel Bridges which enable speedier 
construction and of a very high quality, need to receive 
the attention they merit in India. Their usage would 
help fill a distinct gap in capability as a Nation, to 
respond to the many situations where there is a need 
for fast construction of permanent bridges, with assured 
quality. Upgrading infrastructure on busy road or rail 
routes, where down-time means huge commercial losses 
need quick, quality solutions 
even if at a slightly higher 
initial cost. In those cases, a 
permanent modular bridge 
structure, designed, delivered, 
and launched in weeks would 
be a big advantage over the 
conventional construction 
that takes 18-24 months. The 
speed in construction can be 
that impactful, with quality 
even better than conventional 
construction.

The Need for Modular 
Technology to back 
Conventional Bridging 
Techniques
The lack of modular bridge 
capability is more visible in 

emergencies when a bridge failure occurs, where one 
is forced to resort to unsafe, temporary fixes that only 
prolong the problem. There are many examples of such 
temporary fixes on the NHs, reducing the load capacity 
of the bridge to less than 30%. This bottleneck remains 
for years thereafter. The Bailey bridges, used even today 
on NHs as urgent fixes, are a prominent example. They 
are of II World War design and restrict traffic to single 

Photograph-1: Large number of Bridges on NHs in the Northern & NE border States are 
Single Lane (SL) with unsafe load capability, choking traffic on double lane (DL) roads, 
increasing travel time and transportation cost. They also restrict move of heavy machinery 
in these areas.
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lane on double lane highways; they reduce the capacity 
to as low as 25%, making them prone to overloading 
and unsafe. This is more prevalent in the hilly areas 
along the border states, which restricts deployment of 
heavy equipment for infrastructure development and 
also hinders logistics along the Line of Actual Control 
(LAC) to the North; (See Photograph-1).

The vintage Bailey bridge, apart from being a bottleneck, 
has a design life of only 25 years. The temporary and 
unsafe arrangement is accepted today for want of a better 
alternative. If the bridge is overloaded and it collapses, 
which is quite a common feature, the driver is blamed. 
It is high time that concerned engineers ensure that all 
bridges– the new as well as the old, can carry stipulated 
loads as per codes.

 The present generation of modular bridges is as quick 
to launch, and provide a permanent solution. They can 
be designed to required specifications and have a design 
life of 100 years, with high quality weather protection 
and ease of maintenance. The erection of these bridges is 
all done without any welding or providing a single rivet 
at site to assemble the standard factory finished modular 
s e g m e n t s . 
The standard 
members are 
manufactured 
and stored 
in bulk to be 
available for 
transportation 
to a site at short 
notice and 
is delivered 
ready to 
a s s e m b l e . 
What goes 
behind the 
speed and 
precision are 
e n g i n e e r i n g 
practices at 
their best. 
They can set 

the standard for the domestic bridge industry for efficient 
execution and quality and many of the practices would 
then in time, become mainstream.

The First New Generation Modular Panel 
Bridge in India
In February-March 2016, a New Generation Modular 
Panel Bridge was launched in 4 weeks at a site which 
presented multiple problems for conventional bridges 
and could have easily taken more than two years. The 
bridge was launched in time for the Yatra to Kedarnath, 
reviving much needed commercial activity and hope 
in the valley which had seen tragic floods in June 
2013. It washed away the bridge at Sonprayag and 
then there was a second flood in June 2015, that again 
washed away the temporary fix, Bailey Bridge of 9-ton 
capacity. The ACROW Bridge launched at Sonprayag, 
was double lane, 70 R loading. It has been a trouble-
free asset since. The economic and financial returns to 
the State were far more than the cost of the bridge, in 
the very first year. The effect on the morale of the locals 
was also invaluable. (See Photograph-2)

Photograph-2: An ACROW Modular Panel Bridge at Sonprayag, on NH 107, to Gaurikund, a first of its kind 
in India. A permanent double lane bridge was launched in 4 weeks (February - March 2016), enabled the 
Yatra to take place in May 2016. ICT1 was privileged to launch this bridge.
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Design and Manufacture of Modular Panel 
Bridges 
While there are many variations of modular bridges, 
the panel bridges are one of the fastest to assemble 
and simple to launch. The basic truss member of the 
ACROW Bridge is a panel which is 3m long (10ft) 
and defines the length of a module. The span can be 
in multiples of the panel length. The bridge design 
is simple. It is a through bridge with two trusses 
connected by Transoms that take the decking. To keep 
the decking light, it uses an Orthotropic Steel Deck 
(OSD) also in use in the Mumbai Trans Harbour Link 
using Japanese technology. The deck has an option 
of Epoxy finish with aggregate anti-skid or a layer 
of 50-65 cm of Bitumen Concrete (BC). The light 
decking makes a big difference in the dead load of the 
structure. As compared to a double lane steel bridge of 
say 60m span with a standard deck of RCC slabs and 
BC, the OSD would be about 600 Tons lighter. (See 
Photograph-3)

The Modular Bridge truss can be built using panels in a 
single storey or a second storey can be added for more 
strength. The trusses are configured, depending on the 
design load for which the bridge is to be designed, using 

the required number of panels with reinforcement cords 
to fine tune the strength. 

The equipment can be used for single span bridges; 
a continuous span bridge for any length and even as 
a suspension bridge for longer spans. It is also used 
as rail-bridges and shoring to support heavy loads. 
Even moveable bridges have been designed with this 
equipment for lifting the roadway, to allow ships to pass 
under.

More Clearance below Road Level. The transoms of 
the bridge are designed for the required width of the 
bridge with options of single lane, intermediate, double 
or triple lane. Cantilevered sidewalks can be provided 
in addition to this on one or both sides. The transom is 
supported on the bottom-cord of the Panel. Its depth 
increases with the road width. Together with the OSD, 
the depth between the Road Level (RL), and Bottom 
Steel (BS) is significantly less as compared to girder 
bridges or even conventional steel structures. For spans 
of 40m the depth could be just 1m whereas it would be 
2.4m for a plate girder bridge (standard RDSO approved 
design). Lesser RL-BS depth in modular bridges would 
reduce approaches by about 60-80m on each side of 
a bridge with a fixed head-room; a huge advantage in 

built-up areas where 
land is at a premium. 
(See Photograph-4).

Standard Accessories. 
The Panels are 
connected using Panel 
pins of high tensile 
strength (800 N/m2). 
These ensure speedy 
connection with no 
loss of strength in the 
truss with acceptable 
deflection. Bolts 
are used to connect 
segments in the 
vertical plane or for 
bracing. Bracings are 
also standardized. The 

Photograph-3: Shows a typical Modular Panel Bridge of Triple-Single (TS) configuration which 
has three panels in one storey. Panel length of each module is 3m. With a second storey, up to 8 
panels can be used on each side with reinforcement cords.
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bearings are also simple and provided with the bridge, 
making it a one stop purchase, with minimal and simple 
design. All the bridge parts are listed after design, 
packed and delivered on site ready to erect, almost 
like assemble-at-home furniture delivered by ‘Ikea’, 
requiring, no visits to the factory/ shop to check quality 
or design features.

Assembly and Launch. That is where the speed and 
safety in erection is most visible. The unpacked stores 
are laid along the road in the order that they are to be 
installed. Using light machinery like a Hydra or a JCB, 
the panels are braced together, and the bridge segments 
assembled along the Centre Line, booming it out across 
the gap, in a cantilever launch, with a light nose made 
of the same equipment, leading. Various options of 
reducing the launching space are available, including 
using counter-weights, partial support by cranes, or 
launching lighter spans by assembling along the bank 
and placing them by a suitable crane. Depending on the 
site conditions, the time required would be from one 
to five weeks. Over a railway track no ‘rail-block’ is 
necessary for such a launch, which is important on busy 
rail-routes.

Manufacture. Since 
the basic members are 
standardized, they are 
manufactured in bulk to 
precise specifications. 
This lends itself to 
automation and bulk 
manufacture using 
robotic welding, 
‘Ficep’ automation for 
profiling and drilling, 
plasma cutting and 
host of advanced tools. 
All these are backed 
by ISO Certification 
and Internationally 
recognized certification 
for steel fabrication and 
welding. That ensures 
independent monitoring 
of quality and good 

engineering practices. Galvanizing is also part of the 
manufacturing process where steel members are dip-
galvanized, panel pins are electro-galvanized. The few 
hollow members are internally galvanized. All this 
ensures quality and interchangeability, each part being 
bar-coded to give details of manufacture and checks. 
Thus, individual parts are weather protected from the 
start, during carriage or storage on site and through 
assembly. Quality is thereby carried from the shop 
floor to the bridge without compromise, to guarantee 
bridge-life and performance. No welding or riveting 
at site ensures that the quality is maintained through 
construction.

The Case for Modular Bridges
 The advantages of providing Modular Bridges in 
dealing with critical situations are obvious, however, 
the higher capital cost is often the hurdle. This needs 
to be examined more pragmatically. First, the higher 
cost vis-à-vis conventional steel bridges is due to the 
relatively higher manufacturing cost and need for 
precision in fabrication. The protection against weather 
is also superior and more expensive. Each of these adds 

Photograph-4: The depth of the Bottom Steel below Road Level for Panel Bridges can be as low 
as 0.8m, whereas for Girder Bridges it could be as much as 2.4m.
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value to the bridge. The engineer and the executive 
have to see the larger picture. Low maintenance means 
a lesser lifecycle cost. Better quality also ensures better 
safety, a built-in cost saving factor. More important, the 
speedier and efficient construction saves huge costs all 
around; there are lesser rail-blocks; lesser disruption 
of road traffic benefits commercial activity; shorter 
approaches to the bridge are another direct cost-saving. 
In addition, the lighter bridge exerts only 40% stresses 
on the sub-structure compared to conventional bridges, 
which is very beneficial in refurbishment of bridges. 
Existing sub-structures can in most cases be utilized 
with the reduced loads, saving both cost and time. Case-
studies in such cases, carried out in ICT1, have shown 
cost savings of up to 20% and time reduced to 25%.

A proper cost and value analysis would show where 
these bridges are distinctly beneficial in comparison to 
conventional bridges. The percentage use of Modular 
Bridges would by such a study, be limited to an optimum 
percentage of say 5 %, which should reassure the rest 
of the industry that it is not going to get them out of 
business. Yet this 5% would tackle the more critical 
areas of delay, accident prone launches and difficult 
site conditions. It would also address improved quality, 
easier maintenance and faster erection speed.

Another factor to be resolved is acceptance of the 
design. Certain bridge parts such as the panel are of 

propriety design, hence design checks initially appear 
intimidating. However, the manufacturers provide the 
design which, must be only proof checked.  That along 
with prudent checks for meeting the user requirements 
and insisting on certified past performance in similar 
conditions, with stringent manufacture and quality 
norms, would ensure safe, durable Modular Bridges. 
And after construction, there is no better design check 
than a full load test.

Towards Better Quality and Speed in 
Critical Situations
The way forward is to deploy Modular Bridges 
selectively, if necessary, import the bridges, launch 
these under closer supervision, understand their 
advantages and then expand their usage. In the US 
and Europe such bridges are also available on lease 
for quick deployment both as road and rail bridges. 
They can be reused multiple times adding another 
dimension to it- the flexibility to use both as permanent 
and temporary bridges. That would give the Nation a 
capability to address critical sites more effectively. It 
would also synergies development in harsh terrain, as 
in the border states, and strengthen logistics along the 
LAC. It is time to start using these modular bridges to 
give infrastructure the extra push, towards speed and 
assured quality.

1  Intercontinental Consultants and Technocrats Pvt Ltd (ICT), an infra consultancy company based in Delhi with an 
international footprint. It launched the first permanent double lane modular panel bridge in India on NH 107 in Sonprayag 
(Uttarakhand).
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Introduction
The numbers of structures – buildings, bridges, tunnels, 
dams, etc. have increased by leaps and bounds since 
man started making them and they were constructed 
as per the practice and standards prevailing at the time 
each was built. Development has created demands on 
the performance requirements of infrastructure and 
they are rising dramatically. Railroad structures have 
become more complicated; the loads have increased and 
calculations of load combinations are more complex 
since the standards for loading have changed over the 
years. The increasing demands but poor maintenance of 
the major chunk of the infrastructure has led to below 
par levels of safety as compared to the requirement of 
the current design codes. Since a large number were 
built four to five decades ago and are still in service, 
the owners, authorities and the society are facing an 
uphill struggle maintaining the ageing infrastructure - a 
mammoth task indeed. Proper maintenance becomes a 
matter of utmost importance especially because safety 
is paramount and the financial stakes in case of a failure 
or reduced serviceability of a structure are high. So far, 
the most applied concepts for bridge maintenance are 
based on inspection routines of major civil structures 
according to a periodic schedule and undertaking 
necessary maintenance procedures based on the findings 

of the structures condition survey. Civil structures are 
normally visually inspected by maintenance personnel, 
but this process suffer from several drawbacks. The 
most obvious being that detectability of deficiencies 
is possible only if it’s there on the surface. What is 
happening inside the material is not checked. The long 
intervals between inspections could, however, tell if 
the degradation rate has been fast. To overcome the 
deficiencies of visual structural survey, instruments 
were developed and now with IoT remote monitoring 
has been better enabled.

Structural Health Monitoring Systems
They have emanated out of the concern for safety, 
maintenance, and extension of the service life of the 
structures. In general, structural monitoring includes 
keeping track of the changes in properties at the 
geometrical and material levels of the structures. 
Implementation of Structural Health Monitoring in 
structures provides the functionality of early alerts on 
the likely damage to the structures.

The general scope of Structural Health Monitoring 
includes Structural Assessment, Structural Monitoring 
and Structural Control. It can also be abbreviated 
as SAMCo (Structural Assessment Monitoring and 
Control).
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Structural Assessment - deals with assessment of the 
actual conditions and load carrying capacity of the 
structural systems.

Structural Monitoring - involves supervision of 
structures on a continuous basis to maintain the 
functional utility and serviceability of the structure 
using sensors and some electronic gadgets.

Structural Control - implies controlling the dynamic 
response behaviour of structures under various natural 
loads/ forces by establishing a control mechanism.

All structures deteriorate with the passage of time 
hence, it is advisable to install monitoring and alarm 
systems. The monitoring process involving studying 
and characterization, analysing and implementing a 
Damage Detection Strategy. Earlier it was by manual 
or analogue means, but  now a days it is done through 
digital platforms using various instruments like sensors, 
strain gauges, load cells, accelerometers, transducers, 
etc for civil, mechanical, electrical, aerospace, etc. To 
reiterate, the objective is to monitor the integrity of 
structures, then detect and pinpoint the locations of 
possible concern.

The requirement for Structural Health Monitoring 
(SHM) is growing rapidly since with bigger structures 
being built it has become necessary to provide 
information on the state of the structures by testing the 
structure and measuring the responses and correlating 
with physical parameters and conditions on a regular or 
even continuous basis.

With the necessity now of preventive measure, 
instrumentation is the right approach to adopt, since 
they can be installed during construction, and the output 
from those can be studied, analysed and action taken to 
ensure that at every stage, right from construction to 
completion and life of the facility so that necessary care 
is taken to let the structure perform as intended. SHM 
data collection and respective domain expert auditing 
of the data contribute to achieve the desired Service 
Life of the structure.

Components of SHM
Structural Health Monitoring thus involves continuous 
monitoring, assessment and control algorithms to be 
in place for establishing a satisfactory performance 
level of a given structural system or any infrastructure. 

Components of SHM
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Considering this as one of the fundamental ideas and 
objectives of health monitoring, the components of 
SHM are:
1. Sensors, strain gauges, load cells, accelerometers, 

transducers, etc.
2. Data Acquisition System (DAS)
3. Communication System
4. Data Processing (which deals with the statistical 

analysis of the data collected)
5. Repository (Data Storage)
6. Data Diagnostics
7. Data Retrieval

In IoT based structural health monitoring data loggers/ 
data acquisition units help to integrate sensors end to 
end for transferring the data to the user. Thereafter 
the sensor output in raw form is collected by the data 
acquisition units and the data gets processed either in the 
unit itself or it is transmitted to system for processing 
using gateway nodes. There are different types of 
data acquisition units viz. analog, digital or vibrating 
wire loggers which can record and store data from 
the sensors. The data loggers have a wide operating 
temperature range, are dependable and have stand-
alone operation, and low power consumption. The data 
loggers can be portable as well as fixed, and can collect 
the data according to requirements.

To understand the various components, 
the case study of a century old building is 
presented below.

Case Study - Kodak House: A masonry 
structure was constructed in 1904 as the 
office of Eastman Kodak, on Hornby 
Road, Bombay (now known as D N Road, 
Mumbai). When camera films went out 
of fashion, the company suffered heavy 
losses and sold the grand building to 
Deutsche Bank in 1993. In 1995, the 
entire stretch of D.N. Road, including 
the buildings with their arcades, was 
declared as a Grade II A heritage precinct. 
Subsequently, in 2012, Kodak House 

became an individually listed heritage building. In 
2012, Kodak House was acquired by the Cathedral 
and John Connon School from Deutsche Bank. The 
school was planning to make renovations on the 
building to make the interiors suitable to meet the 
school’s needs in 2017. SHM was started in 2020 and 
during that period the Tunnel Boring Machine (TBM) 
for the Metro line being constructed by the Mumbai 
Metro Rail Corporation Ltd. (MMRCL) was passing 
nearby the building. Major deep cracks developed in 
the building’s wall as well as near the staircase and 
immediately construction as well as pilling works were 
stopped and frequent monitoring was commenced by 
installing vibrating wire type sensors viz. Tiltmeter, 
Crack meter and Piezometer to monitor the different 
parameters of the building i.e., tilting of walls, cracks, 
water level, etc. The data analysis report was submitted 
to the concerned authority so that suitable plans for 
executing the construction work of the tunnels could 
be made. To prevent manpower loss, monitoring was 
done using an IoT system where all the sensors were 
connected to individual slave nodes and then to a data 
processing and control system which worked as a 
gateway to transmit the monitored data on the server 
on real time basis. That data could be accessed by the 
authorized person using mobile phone or computer 
from anywhere in the world.

Kodak House, D N Road, Mumbai
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SHM of Building
Scientific	Vindication
In the overall domain of SHM, the following steps may 
be of fundamental interest:

• Identify structures that need monitoring.

• Acquire information about probable degradation 
of materials and risks involved in the structural 
system, from designers.

• Establish expected responses of the system to the 
probable degradations.

• Design a proactive SHM system, which could detect 
such conditions through a carefully integrated 
sensor network.

• Install and calibrate the SHM network.

• Acquire, analyse, and manage the data gathered.

• Schedule a proper emergency response plan in 
the case of any emergency that arises from non-
functional responses of critical parameters.

Damage detection during the early stages requires 
continuous monitoring. SHM encompasses a process 
of implementing damage identification strategy to the 
civil structures, which can be either a global or local 
assessment. Global assessment implies that the whole 
structure is assessed. Based on the response of the whole 
structure, the damage done, and the remaining life of the 
structure can be assessed. On the other hand, in local 
assessment, each member is examined independently, 
and a maintenance approach is applied. SHM, therefore 
involves a time-based maintenance approach which is 
an important outcome of the Condition Assessment. In 
a time-based maintenance approach, the maintenance 
process is proposed to be carried out at specific intervals 
of time, irrespective of the current state of the system. 
If a member fails in between, then it must be replaced. 
Such interventions increase the downtime of the system 
if the repair operation requires longer lead time. The 
process necessitates a trade-off between the cost and 
the risk, which arises because of the damage. It should 
also account for unexpected variations in load and 
environmental conditions that prevail on the structure. 

Most of the private and a few government bodies now 
show interest in detecting damages in their structures, 
so that damages can be detected at an early stage and 
that requires extensive use of SHM.

Challenges in SHM
The first and the foremost challenge in the SHM 
industry is to develop and demonstrate the structural 
health monitoring technology which can help to 
maintain the structural integrity with improved 
reliability and durability. There are many techniques by 
which SHM can be done and is indeed being practiced 
successfully in many industries all over the world. 
However, developing a technology itself which suits 
the specific application problem, is one of the most 
important challenges. The second is that compared to 
non-destructive tests; unlike conventional entities, a 
single technology of SHM cannot be suitable for all 
applications which in fact makes it more challenging 
and its dependency on various factors depending on the 
material, component geometry and identifiable damage 
scenarios of a given structural system. The third 
challenge is that the outcome of the monitoring scheme 
should be reliable and interpreted correctly or else it 
may trigger unwanted expensive maintenance. It may 
also sometimes create spurious warnings. These should 
be avoided since such situations tend to degrade the 
correct strength of the existing structure. A fourth issue 
is optimization of the structural design based on the data 
acquired through health monitoring. So, it is therefore 
important that the data acquired be fairly accurate and 
robust. The fifth could be the major concern towards 
the cost of the whole scheme. The sixth factor is that 
the SHM scheme should be such that the owner of the 
structure should be convinced regarding the use of SHM 
especially where public funding is a major investment. 
Therefore, the scheme proposed should be economical 
and also enhance public safety. The results should be 
comparable or even better than the regular maintenance 
approaches. The seventh is the damage detection itself; 
that is, location of damage, its origin, its scalability, its 
prospective growth, and its consequences. The eighth is 
the reliability and robustness of the sensors, their service 
life, and their adaptability to the working environment.
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Advantages of SHM
SHM enables improving the integrity of the structure, 
which would be true if monitoring is done on a 
continuous basis, since then the utility value of the 
structure is enhanced. It implies, that the structure 
is put to its optimal use and that minimizes the 
downtime. It also allows preventive maintenance to 
be pre-planned. For example, if SHM is deployed on a 
bridge and monitored continuously, then its functional 
ability is predicted or assessed to a higher accuracy 
and thus a failure could be averted. With SHM, there 
is significant improvement in maintenance of public 
structures. Unnecessary maintenance could be avoided, 
and attention be given to the critical elements which 
require immediate attention. It also enables carrying 
out periodic maintenance and giving it a performance-
based focus. It is a very recent trend which enables cost 
saving and engineering efficiency in planning or say, 
pre planning maintenance in terms of structures of very 
high strategic importance.

Future Scope of SHM
Structural Health Monitoring is a growing field and 
gaining importance because it has got major applications 
in many areas - civil construction, aviation, naval, 
industrial, oil & gas, etc. Structural control is slowly 
becoming an integral part of engineering and provides 
the tools to monitor, assess and then activate the controls 
and is now an integral part of smart structures.

The monitoring and alarm systems can be very useful in 
disaster management. The modern damage prediction 
health monitoring is advanced and ultra-modern, 
because of using novel variety of sensors, advancements 
in communication protocol and in processing and 
decision making using statistical tools.

The essential focus of health monitoring is leading 
towards development of smart structures since the 
conventional inspection methods are slow and time-
consuming, expensive, and most importantly they are 
more complex and person dependent. Then there are 
the underwater structures which pose a problem of 
accessibility and visual inspection is very difficult. 

In such cases, health monitoring using smart sensors 
and end to end integration with data loggers and the 
gateways has become a boon.

SHM is becoming mandatory if a structure is to be 
discarded or that if there are plans for rebuilding or 
rehabilitation of is existing structures; health monitoring 
and assessment is necessary for a longer time, before 
concluding that the structure needs to be demolished 
and a new structure should be constructed.

Conclusions
The emerging sensor based SHM technologies provide 
cost-effective maintenance of civil and other structural 
systems and its adoption and implementation help 
to pro-actively assess conditions and thereby ensure 
their structural integrity and continuity of services/ 
performance. Continuous conditional assessment is 
gaining more and more importance in sensitive areas like 
high-speed railway bridges, metro rails, aerospace, etc.

To conclude, the objective of SHM should be to 
ensure that at every moment during the Design Life 
of a Structure, a proper diagnosis of the state of the 
structure is readily available on a 24/7 basis. These 
REAL TIME data enables the owners of infrastructure 
to implement preventive and precautionary measures in 
a cost-effective manner to safeguard their investments 
and thereby gain confidence to enhance return on 
investment from such long-term investment projects. 
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Webinar on “FIDIC Contracts – Need of 
the Hour”
CEAI in its endeavours to make the Engineering 
fraternity more knowledgeable about the legal aspects 
involved in the repertoire, put together a webinar on 
“FIDIC Contracts – Need of the Hour”, which was 
held on 25th October 2021.

The main reason of the CEAI Academy organising 
the webinar was to highlight the need to adopt FIDIC 
Conditions of Contract, which are more equitable, 
for all types of works, including the domestic funded 
programs. It served to communicate the ease of 
operation of contracts under the FIDIC environment, 
the advantages of adopting FIDIC conditions and the 
fully operational DAB/DAAB mechanisms.

Mr. Vijay Nadkar, Member 
Governing Council, CEAI 
moderated the event and introduced 
the webinar. He welcomed the 
speakers and attendees and thanked 

them for their presence and said 
that everyone looked forward to an 

engaging event. He also expressed his great pleasure at 
the President FIDIC, Mr. Anthony Barry being present 
for the webinar. He added that the eminent speakers were 
from across the spectrum of stakeholders, comprising 
the employer, the consultant and the contractor. He 
then introduced CEAI President, Dr. Ajay Pradhan and 
requested him to make the inaugural speech.

Dr. Ajay Pradhan, President CEAI 
expressed quite comprehensively 
his views on the subject, setting 
the tone for the interesting and 
engaging webinar. He also thanked 

President FIDIC for participating 
to deliver the Key Note Address. 

Dr. Pradhan gave an overview of CEAI and urged the 
audience to join CEAI and help it further the cause of 
Consulting Engineers. 

Mr. Vijay Nadkar then introduced the Key Note speaker 
Mr. Anthony Barry, FIDIC President and requested him 
to kindly make his presentation.

Mr. Anthony Barry, President FIDIC 
acknowledged the collaboration 
between FIDIC and CEAI and 
explained the story of FIDIC and 
structure of FIDIC Contracts. 

He said that FIDIC offers a wide 
range of high-quality training on 

FIDIC Documents conducted by FDIC 
Accredited Trainers. He also explained FIDIC’s 
activities, the upcoming publications, various 
committees and as to how FIDIC is collaborating with 
Multilateral Development Banks and other Member 
Associations to promote Ethical consulting engineering 
practice with due attention to the quality and integrity 
of the services. The views expressed by him projected 
the vision of FIDIC.

Mr. Nadkar thanked Mr. Barry for providing an 
overview of FIDIC working in a crisp and clear way. 
He then requested President FIDIC to explore the 
possibilities of further co-operation by working out 
some possibilities wherein CEAI could partner with 
FIDIC in their venture of FCL and the FIDIC Academy 
in promoting Capacity building training as well as in 
helping FIDIC in Accreditation; possibly as a FIDIC 
franchisee. Mr. Barry took the suggestions in an 
affirmative manner.

Moving on, Mr. Nadkar introduced Mr. Ajit Kumar 
Mishra, and requested him to provide the Employer’s 
perspective.
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Mr. Ajit Kumar Mishra, CGM, 
Dedicated Freight Corridor 
Corporation of India, an IIT 
Kanpur Alumni gave an excellent 
perspective on the FIDIC contracts 

based on his experience of using 
FIDIC and non FIDIC contracts. He 

suggested that there was a strong need to 
develop a pool of experts who could help the clients 
to correctly interpret the contracts. He also emphasised 
the need to treat the Contractor as a partner in the 
joint venture of a Project. He mentioned that even 
now if an Employer has close working relations with 
a Contractor, it was seen with suspicion. It was only 
the organisations which had matured over a period of 
time and understood and treated the Contractor also 
as a partner, the joint working reduced the possible 
disputes which harm the project delivery in the long 
run. He advised - Equal treatment to Contractor –‘not 
as devil’. Mr. Mishra also mentioned that the Contract 
Administration is key for project success and there was 
a need to build capacity of the stakeholders-employer, 
consultants and contractors for professional Contract 
Administration within the ambit of the contract. He 
also stressed on the need to ‘read’ the contracts in the 
right context and as a continuous communication to 
avoid disputes.

Mr. Nadkar thanked him for his interesting and 
insightful talk and then requested Mr. Kishore Kumar 
to share his perspective as those of a Consultant.

Mr. Kishore Kumar, Director Arvee 
Associates spoke at length about 
his experience of working as 
Consultant in the Highway sector. 
He presented ‘Adopting FIDIC 

but Deviating from Principles’ and 
highlighted the problems faced and 

endorsed that FIDIC Contract usage 
makes life easy for all and suggested that all major 
contracts irrespective of domestic or international 
funding should use the FIDIC Conditions of Contract, 
which are balanced and the risk allocation is fair, which 
helps expeditious and quality delivery of the Projects.

Mr. Kishore Kumar dwelt upon the FIDIC Golden 
Principles at length and emphasised the need to imbibe 
them by the stakeholders using the FIDIC Conditions 
of Contract. He said that the Golden Principles if 
followed in letter and spirit could minimise problems 
during Contract Administration. At times the Golden 
Principles were compromised and that led to numerous 
problems and dispute during Project execution

Mr. Nadkar thanked Mr. Kishor for sharing his 
experience and the thought provoking talk. Mr Nadkar 
then moved on to introducing Mr. Somenath Roy.

Mr. Somenath Roy, Sr. Vice 
President JMC Projects (India) 
Limited, a Kalpataru Group 
Enterprise provided an excellent 
presentation giving an overview of 
the Construction Contracts in India. 

He provided an in-depth Problems 
a n d Cause Analysis and suggested some 
solutions. His diagnostics were amply supported by 
apt presentation slides. In conclusion he recommended 
that FIDIC Contracts provide the solace needed in 
Construction Contracts as they advocate sharing of 
risks, are fair to the parties entering into the contract, 
and which are acclaimed as the Gold Standards of 
Conditions of Contract globally for a good reason. 

Mr. Nadar acknowledged the crisp and professional 
presentation by Mr. Roy and thereafter requested Mr. 
Alok Bhowmick to share his views.

Mr. Alok Bhowmick, VP, CEAI 
& Chairperson CEAI FIDIC & 
Technical Committee thanked 
the speakers and said that it was 
a delight to hear and learn from 
the Key Speakers putting forth the 

views of FIDIC, the generator of the 
standard contract document; and then 

three perspectives of the Client, the Consultant and 
the Contractor but who all echoed and advocated the 
use of FIDIC Conditions of Contract to provide more 
equitable and fair contracts.
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Mr. Sudhir Dhawan. Past President 
CEAI gave insightful closing 
observations that the webinar 
was really the need of the hour 
for India since FIDIC Conditions 

of Contracts were being used 
only for foreign aided projects. He 

added that CEAI had been trying to persuade 
the Government of India to adopt FIDIC Conditions 
of Contracts for all projects. He informed that CEAI 
would pursue FIDIC Training and Accreditation to 
create a pool of experts in the domain to help the 

infrastructure space.

The webinar was formally closed with the vote of 
thanks by Mr. Vijay Nadkar who expressed his sincere 
gratitude to the Mr. Anthony Barry, FIDIC President for 
having graced the webinar, the eminent speakers, the 
attendees and the CEAI Secretariat – Ms Sheena & Mr. 
Rajiv Maini, Director CEAI. He added that CEAI would 
continue promoting FIDIC Conditions of Contract and 
would work closely with FCL and FIDIC Academy 
to explore mutually beneficial possibilities of going 
forward.
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Webinar On “Changing Technologies for 
Engineering”
CEAI aims to bring Indian Engineers upto speed 
with some of the technologies that are disrupting the 
Engineering industry. It had earlier organised webinars 
specifically to inform and educate engineers to assist in 
adopting and adapting to digitalisation after lockdown 
had been imposed. 18 months down the line it was seen 
that there was a need to keep engineers abreast of the 
technological revolutions. CEAI therefore put together 
a webinar to cover BIM - Building Information 
Modelling for Integrated Project Delivery, Agile 
Project Management and Immersive technologies - 
Virtual Reality (VR), Augmented Reality (AR), etc. 
The potential for all these technologies was immense.

Mr. A P Mull, Past President CEAI, Dr. Harshavardhan 
Subbarao, Chairman CEAI-Western Region Centre 
(CEAI-WRC) and Mr. Jeffrey Nambiar, Hon. Secretary 
and Treasurer, CEAI-WRC, Mr. Charles Simoes and 
Mr. Suhas P Bhagwat, Members of CEAI-WRC event 
team organised the webinar with the support of all the 
speakers.

Dr. Harshavardhan Subbarao, 
Member Governing Council CEAI 
and Chairman, CEAI-Western 
Region Centre, welcomed 
everyone and introducing the 

theme said that technology was 
booming and a lot of changes have 

c rep t in and made a presence in put lives and we 
need to learn to use them. The “way with mass contact 
was being done today was not possible even 4 years 
ago”. Hence, CEAI-WRC has put together four areas 
to showcase collaborative working for our daily work. 
He then invited Dr. Ajay Pradhan, President, CEAI to 
give his opening address.

Dr. Ajay Pradhan welcomed 
everyone participating and 
conveyed his thanks to members 
and well-wishers from the 
Western Regional Centre of CEAI 

especially Mr. Charles Simoes 
and Mr. Suhas Bhagwat who had 

organised the webinar. He then welcomed the eminent 
expert speakers “who will be sharing their knowledge, 
experiences and thoughts on various technologies and 
digital transformations which apply to all sectors of 
engineering.” He then gave a brief about the Consulting 
Engineers Association of India (CEAI).

“Technology has transformed two things. Firstly, it has 
introduced a completely new field of work, commonly 
bundled under the label ‘digital transformation’ 
from earlier Business Process Re-engineering. The 
engineering and construction (E&C) industry was at the 
cusp of a new era, with technology savvy companies 
creating new applications, tools and gadgets that are 
changing how companies design, plan and execute 
projects and also how they can be monitored and 
maintained.

By providing state-of-art hardware and software with 
analytical capabilities, these innovative start-ups are 
eliminating many of the problems that have dogged 
the E&C sector for decades, including difficulties 
in compiling and sharing project information. Such 
improvements could not come at a better time, since 
construction projects are becoming increasingly large, 
complex and expensive, putting managers under 
greater pressure to reduce costs but improve timelines 
and efficiency.

This segment was the fastest growing segment of the 
consulting sector. Clients are embracing technologies 
such as BIM, Artificial Intelligence, Robotics and 
Automation with the help of Internet of Things to gain 
competitive advantages, and in doing so, tapping the 
expertise of consultants who stand at the forefront of 
such developments.

Secondly, the growing role of technology has blurred 
the lines between traditional consulting work and 
technology work. With digitalisation now at the 
heart of innovation and performance improvement, 
consulting firms are delivering much more with the 
help of technology, and are extending their services 
into realms previously classified as non-consulting; 
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like Asset Management in Transport, Water, Public 
Health, etc.

Technology was also making an impact in consulting 
firms' own internal operations. Unsurprisingly, firms are 
embedding automation in their own processes to improve 
primary activities such as Program Management, 
Project Management, Resourcing and Activities for 
Client Engagements, but also the support processes such 
as Finance, Human Resources and Internal Reporting. 
It was helping consulting firms scaleup, manage and 
connect with their talent more easily.

The global consulting market was in the process of 
being reorganised. Technology was playing a major 
role in this transition. It was a huge risk and investment 
for Small and Medium Size Consulting companies to 
be able to afford small design and modelling software 
some years ago. However, to remain relevant and be 
able to deliver services, companies are now investing 
in technologies such as cluster-cloud based approach 
and SaS platform.

Technological transformations in engineering are at 
their best now, and gaining momentum in areas such 
as Predictive Analytics, Project Monitoring through 
Drone and Internet of Things (IoT), and Safety 
Monitoring enabled by wearables and Virtual- or 
Augmented-Reality tools.”

He emphasised that training and capacity building, the 
key areas for CEAI were to help organisations come 
up to speed with the new technologies. He wished 
everyone good deliberations.

Dr. Subbarao thanked Dr. Pradhan for giving the 
perspective for the event. He introduced the two 
Moderators for the webinar. Mr. Charles Simoes, 

Core Committee Member CEAI-Western Region 
Centre, currently an Adjunct Faculty at Sardar Patel 
College of Engineering, Former Associate Director 
Aker Solutions, and the second Moderator Mr. 
Suhas P Bhagwat, Core Committee Member CEAI-
Western Region Centre, Founder & CEO, Avroglide 
Consultants, former Vice President L&T Hydrocarbon 
Engineering.

Mr. Bhagwat mentioned that 
engineering was required for all 
development and the country’s 
economy. He introduced the first 
speaker Mr. Sanjeev and invited 

him to make his presentation.

Mr. Sanjeev. R, Technical Leader, 
Supply Chain & Manufacturing, 
Dassault Systemes India giving 
an insight into “Building 
Information Modelling (BIM) 

Use for Project Lifecycle + 
Integrated Project Delivery + Lean 

Approach”.

Introducing the subject, he said that BIM becomes the 
epicentre for managing projects, and leads to integrated 
project delivery and a lean approach. It was becoming 
the Industry trend and was applicable for Smart Cities 
& Territories and brings in inclusiveness for the 
Urban Future, an Integrated Environment and serves 
as a platform for Civil Infrastructure Engineering 
and Building Design for Fabrication to use the data 
generated intelligently. Other areas where BIM was 
being utilised for long are Energy & Materials, Oil & 
Gas, Power Plants, etc. The industry was being driven 
by a value model as seen in the table. Basically, it was 
to reach the sustainability target of 2050.
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He explained the Industry Value Model with reference to the table given below.

Business Drivers Objectives Benefits
Increasing Focus on Foot Print 
reduction to reach 2050 sustainability 
Targets

Acquire new capabilities to analyze any 
kind of requirements in a holistic way.

Maximize projects outcomes 
with much more precision and 
control

Increasing needs on Buildings & 
infrastructures due to population 
growth.

Reinforce project management 
practices. Increase Knowledge Reuse.

Increase stakeholders 
coherence to the project’s 
outcomes.

Increasing Complexity of Built 
Environment – Buildings and 
Infrastructures

Facilitate active participation of 
stakeholders all along the project.

Improve projects productivity.

Increasing diversity of requirements 
from Customers & Stakeholders.

Increase business capabilities to manage 
built buildings & infrastructure.

More timely and more 
informed impactful decisions.

Increasing level of Financial risks on 
construction projects

Mitigate Multitudes of challenges to 
improve project efficiency.

Improves TCO of Built 
Buildings & Infrastructures.

To achieve all that, digitalisation was necessary but 
what’s really driving the Digital Transformation are the 
Project related requirements such as Increased Scope 
and/ or Cost, Project Budget, Projects Delivery, Rework 
Cost, Cost Overrun, Meeting Performance Goals, 
CAPEX Value Lost to Poor Operational Readiness. To 
meet these requirements in a sustainable way requires 
Governance because Enterprise complexity are 
increasing in terms of doing Business, also for Product 
and the Project per se. All of them are leading to data 
explosion and all that requires Governance.

With BIM as the epicentre there are certain Key 
Processes during the stages of Design, Supply, 
Construction and Operation which are - Digital Mockup, 
Design Review, Simulation, Construction Execution 
and Lifecycle Management. All these are Data driven 
platforms for data continuity - BIM Data, Smart BEM 
Content, IFC Data; Fabrication Data, Installation Data; 
Work Packages, Work Breakdown Structure; Virtual 
Building Models, Building Operating System, Smart 
Usage Data.

Mr. Sanjeev then moved on to Capital Projects 
Management how it makes more smart, intelligent, 
integrated and valuable. Capital Projects and Capital 
Facilities go through the stages of Basic Design, 
Detailed Design, Construction, Commissioning, 

Operations & Decommissioning. Intelligent design 
basis, continuous handover, Startup handover. The 
scope of various parties involved was different but 
needs to be integrated by bring them onto one digital 
platform since Control has to be enabled through Capital 
Facilities Information Excellence, and the various 
aspects and stages of the Project. For that enterprise-
wide data and processes have to be leveraged. In that, 
partnerships have to be managed, hence one platform 
makes it easier to manage. Project Management today 
was not just about Plan vs Actual, seeing dates, etc. but 
controlling the whole process with engineering data 
right from the initial stage and for each stage thereafter. 
It brings all the information at one place to manage 
the Project including the relationships that have to be 
also managed. Traceability was possible at each level 
and all that was consolidated and shared from that one 
platform. 

Mr. Sanjeev then moved on to talking about the 
Integrated Built Environment. After the single 
platform was in place, further downstream engineering 
progresses with review as necessary to make it leaner 
and operationalise the engineering data downstream. 
That’s where the Integrated Built Environment comes 
in and helps Projects which are becoming more 
complex, and have to stay abreast of changing market 
characteristics. The Integrated platform provides 
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Instant and Secure Collaboration for the full Value-
Chain, and Share a Common Referential; It also 
enables more standardized, consolidated and Integrated 
Process, and Increased value-chain control. To do 
all that it was necessary to move from Documents & 
Files to Data Centric and Model Based environment. 
The development for which was a Common Data 
Environment, an Integrated Digital TWIN and provide 
a Model Based TWIN. Mr. Sanjeev then explained 
the multi stage process of developing that model by 
integrating the inputs from multiple sources to a 
common data model. Drawings would be generated 
thereafter based on the model. The model would be 
reviewed at different stages of it’s development in a 
structured way after incorporating comments received. 
The virtual model of the Integrated Built Environment 
allows for synchronisation across operations. 

The Benefits of an Integrated Built Environment 
are Maximise project outcomes with precision and 
control; Increase stakeholders’ coherence; and Lower 
cost of ownership with more informed decisions, 
since it gathers all types of project information in a 
unified environment. It provides for an Integrated Built 
Environment with Capital Facilities; a blend of the 
Virtual and Real worlds. Real time data was available 
for monitoring the project. 

Thus, the main benefits are 360° Project Visibility and 
Progress Monitoring; Multi-D Visualization, AI and 
ML based Analytics; Decision-Making Analytics with 
360° view of End – to – End Lifecycle activities of the 
Components and complete Assets.

He next explained the new concept of 3DLEAN for 
collaboration which was based on the 3 Pillars – 
Engage, Reveal and Improve and permits innovatively 
solving problems. The benefits of 3D Lean which 
operates on the cloud and was easily accessible on-site 
or at the office and thus enables better collaboration 
between all teams concerned to formalise issues. 3D 
Lean brings in Team Spirit and Lean practices on to 
one platform and helps create a dynamic environment 
for the workforce.

Summing up Mr. Sanjeev said that the use of BIM 
thorough the Project Lifecycle with Integrated Project 
Delivery and a Lean Approach helps achieve the 
Industry requirements based on its Business Drivers, 
Objectives and Benefits by providing Solutions for 
Capital Facilities management with an Integrated Built 
Environment and the 3DLean approach all of which 
result in providing Values - On time, On schedule, 
Reduced Rework and Improved Efficiency.

Mr. Bhagwat thanking Mr. Sanjeev, said that he set 
a good example of managing time, yet made an all 
inclusive and comprehensive presentation bringing out 
the fundamental aspects of Project Management with 
a focus on engineering. Governance, visibility through 
the project lifecycle, easy access to enterprise-wide 
data and processes as well as and how to do all that in 
an integrated but Lean manner. He then handed over 
the floor to Mr. Charles Simoes for the next session. 

Mr. Simoes clarified that BIM was 
used to integrate all disciplines, 
it’s an intelligent model and 
hence discipline was required. 
The cloud platform makes it more 

accessible. He then introduced and 
invited Mr. Kiran Akre to take the 

stage.

Mr. Kiran Akre, Senior Manager, 
MEP Design Department, Pinnacle 
Infotech dwelt further on the 
theme of “Integrating Design, 
Engineering and Construction 

using BIM”. To put BIM in its 
correct perspective he talked of the 

problems faced by AEC Industry which 
are projects do not meet original Program; information 
was not available when plans are to be made; wastage 
of materials used in construction; increase in cost of 
project due to change orders; and, carbon emissions are 
from buildings. He also mentioned Poor Coordinated 
Design Documents; Change Orders and reworks; 
Delays and cost overruns; Higher risk; Claims and 
Litigation; Poor Turnovers; and, Tight margins. He 
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said that the main factor was Communications within 
the team because of Over the wall syndrome which 
resulted in Less coordination within the Design team, 
and consequently poor quality of work. He depicted 
the issues on account of poor Coordination and 
Collaboration between different stakeholders which 
cause dissatisfaction to everyone by means of some 
effective visuals. He then showed how perfection comes 
from going into details and showed a visual for that.

Going on to BIM per se he said that it was a digital 
representation of the physical and functional 
characteristics of a building. It’s not just a 3D model 
but a shared knowledge resource of information and 
also a lifetime quality administration of the project. 
It has been a transformation shift. It was 3D models 
to capture, explore, and maintain consistent and 
coordinated planning, design, construction, and 
operational data. It thus provides greater project insight 
for cost, schedule, and constructability since it uses 
and shares the same consistent data whether at one’s 
desk or in the field. It thereby enables prompt response 
to change with processes that are smarter and faster.

BIM moves away from the traditional linear process 
of Project Planning, Design Stage, Documentation, 
Construction and Operation to an Integrated Design and 
Construction to a Concurrent Process(Simultaneous 
parallel) and Systemic Integration between specialised 
contributors. The Integrated BIM process provides 
Integrated Workflow with Strong Collaboration – One 
central model, Real-time communication and Up-
to-date information using a BIM Integrated Central 
Model using cloud technology.

Mr. Akre then presented a table to emphasise how 
BIM makes it easier and more effective right from 
Conceptual Design and incorporation of Sustainable 
aspects, provide Design documentation in an integrated 
database, where everything was interconnected and 
there was real-time self-coordination of information; 
enhances communication and collaboration during 
construction, create more accurate cost estimates and 
deliver more projects on time within budget. For Pre-
fabrication, modular construction he said that BIM 

provides exact information and reduces wastage. BIM 
also helps in managing the facility as built and thus its 
Lifecycle costs.

Users of BIM have felt the difference and seen its 
benefits materialise on their projects for which Mr. 
Akre showed the results of surveys done on BIM’s 
Impact on Design, Detailing and Fabrication; and 
Installation and Handover; and, Project Outcomes. 
The Top 4 Benefits of the Integrated Workflow for 
five company-types surveyed - Structural Engineers, 
MEP Engineers, GC/CMs, Structural Trades and MEP 
Trades were also presented.

Based on the survey the Predicted Future Benefits 
of Integrated Workflow the 6 positive impacts of the 
integrated workflow are Better realisation of the design 
intent; Enabling teams to work more collaboratively 
across distributed geographies; Increasing owner 
confidence during design and construction; Attracting, 
training and retaining a more technology-savy 
workforce; Allowing firms to complete more work 
with less labour; and, bring in Innovation by use of 
new materials.

Mr. Akre then gave several examples of saving in time 
and costs by using Integrated Design Optimisation 
with BIM wherin the architectural and structural 
models exist for intertrade coordination: Heat Load 
Calculation; ESP Calculation; Pump Head Calculation; 
Pump & Pipe flow Rate calculation; Duct Size 
Optimisation; Optimisation in Equipment Selection; 
Wire Sizing Optimization; Voltage Drop Calculation; 
LUX Calculation; Lighting Simulation; and, Panel 
Board Scheduling. The outcomes of the Integrated 
MEP Design were also shown for Velocity & Friction 
Analysis for Ducts, the Integrated 3D Design Model 
based on a 2D drawings for a Duct Layout using a 
System model and actual materials as used, a Plumbing 
Layout, and a Fire Protection Sprinkler system.

He also presented a Case Study of Optimising Project 
Cost for a building. That was an exercise particularly 
usefeul when there are repetitive units to be built. 
It also makes the Design Process faster, Reduces 
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Construction Wastage, elimantes, Unclear Information, 
Incorrect Material Handling, Building Operations, 
Design Changes, etc. Collaborative working the right 
sizing and location of Shaft sizes, Equipment rooms 
and Access for service.

The virtual model makes it easier to do Energy 
Modelling and the Heat Load analysis during the 
design phase and check out the space layout. The client 
reaps great benefits in terms of Savings in Energy costs 
throughout the year.

Mr. Akre then gave the example of the tallest tower under 
construction – the 1000m high Kingdom Tower, Jeddah, 
with 570,000 sqm of builtup area. The integrated BIM 
design helped plan the services, layouts, access shafts, 
etc. The cutouts for the services were also identified 
and provided for. The rewards are No Rework, Reduced 
RFI/ Change Orders all resulting in Saving Cost & Time 
and Making Operations & Mainteance Easier.

Mr. Charles Simoes summing up recapitulated that 
BIM was about Integrated work flow and how it can be 
used for collaboration by connecting teams across the 
globe, data and work flows. The collaboration was very 
strong and it was effective because of model reviews 
where different stakehoders get together, review the 
model and give their comments. Those are documented 
and action taken. The BIM model helps in optimisation 
of designs with data pulled from the model, reduce 
wastgae and contribute to energy conservation. BIM 
code ISO 19650 and there are BSI codes (BS 1192). 
BIM has matured in the Oil & Gas sector but in 
architecture it was more recent. He then introduced 
the next topic which moves away from technology 
to project management and requested Mr. Mandar 
Thakurdesai to step in.

Mr. Mandar Thakurdesai, Director 
– Project Delivery Services, Worley 
India explained the concept of 
“Agile Project Management”.

He started off with briefing about 
Worley and Energy transition how to 

enhance project delivery; moving away 
from the silo working. He introduced Psychological 

Safety with reference to office work. How the 
occurrences before a person reaches office impact the 
persons feeling of psychological safety which could 
affect teamwork and innovation. Since the work front 
was a continuous learning exercise, one must recognize 
one’s own fallibility. Hence one needs to be open and 
courageous; ask a lot of questions. 

With that he went on to explain that Agile Project 
Management was an iterative approach to delivering 
increment product/s throughout the project lifecycle 
and incorporating feedback at each iteration. It evolved 
in the IT industry but by 2010 there was a wider 
adoption in the Engineering industry where there are 
a number of stakeholders. In 2019 PMI introduced 
‘Disciplined Agile’. In the future there will be adaption 
and iterations of the framework. That’s what Project 
Management was all about. The Values that Agile 
Project Management drives are – Unity, Simplicity, 
Transparency and Adaptability. It was an Evolving 
Paradigm. The way of thinking is: First ‘Define’ then 
‘Execute’; First ‘Process’, then ‘Piping’; and First 
‘Vendor Info’ then ‘3D Modeling. However, Today’s 
reality is: During ‘Define’ we start ‘Execute’; ‘Process’, 
needs to provide early data to ‘Piping’; and Get early 
‘Vendor Info’ to start ‘3D Modeling’ early. There was 
a need for a different view on Scope, Budget and Time.

The difference in Project Delivery between Traditional 
and Agile are: Traditional was Concrete, Upfront 
planning; Low uncertainty, Avoid changes; and, 
Transactional Customer Interaction; whereas Agile 
was Iterative, incremental development; Self organised 
multifunctional team; and, Customer collaboration. 
Instead of the Budget being fixed it was the Scope.

It was all about Cultural/ Behavioural Change. Give 
the intent, not instructions; Focus on vision, coaching 
and learning; Give control and create leaders; The 
decision takers are the people that have the information; 
Required Competency and Organisational Clarity; 
Create pro-active, passionate, thinking, creative teams; 
and, Team Goal over Individual goals. The idea was to 
empower persons concerned to take decisions and make 
them proactive.
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Going into the Agile Methodology Framework, he 
said that the Frameworks/methods for Discrete/Less 
Complex Projects could be Scrum and Kanban; for 
Portfolio/ Complex projects the methods were Scrum 
of Scrum, SAFe and LeSS. The Techniques were Story 
mapping, Relative estimations, User story definition. 
He then explained the two methods Scrum and Kanban, 
the two different approaches for implementing an agile 
development. Scrum was used during development 
phase when work was not fully understood and 
environment changes a lot, i.e., when there are more 
unknowns. Then the solution was to breakdown the 
activities to smaller manageable tasks. Kanban on the 
other hand was more process driven and optimal during 
the run and change phase – when stable repeatable 
process has evolved. Both of them could be used on a 
project. Kanban was used when engineering matures to, 
say, around 30% and unknowns would be less.

Mr. Thakurdesai explained the Scrum Process which 
comprises breaking down the product into ‘Sprints’ i.e., 
smaller tasks/ elements and assigning roles to the team. 
Planning and implementation are left to the team. At 
times even the Client was involved so that they also 
are a part of the delivery. The solutions which come 
out are nearly flawless. Scrum comes into use for 
bringing clarity into the Scope of the work to be done 
and delivered to the Client.

Agile @ Worley: Worley was driving the energy trends 
in agile transportation. The internal drivers for Worley 
to adopt Scrum was the Paris Agreement on Climate 
Change in 2015. Worley was committed to that and 
also COP 26 to deliver sustainable projects. What has 
been observed that the speed of change was slow and 
hence Worley was pursuing with clients to speed up 
the execution. Apart from that are the reduced Project 
completion timelines. It ensures Customer Delight 
and also Repeat Customer. Worley makes agile sub-
contractors as part of the delivery and then they become 
the preferred partners. 

He then dealt with the 4 Values and the 12 manifestos of 
Worley. The Values being  Life, Rise to the Challenge, 

Stronger Together and Unlock Brilliance. All these, 
tie down well to Worley’s ambition around people 
focus and the portfolio its handling focusing more on 
sustainability now. He dealt with the Ambition Loop 
@ Worley which Defines Value addition with the 
Agile Transformation; explained the Agile Transition 
@ Worley and presented a Case Study of A Portfolio 
Project; the Scrum Teams involved for delivery; the 
Dashboard of Metrics of the Portfolio and how Scrum 
was now Digital @ Worley.

Mr. Simoes summarising said that Agile has two key 
words – Incremental & Iterative and involves moving 
away from a Command & Control organisation to one 
which Empowers the Teams. The two methodologies 
used for Agile Management are Scrum and Kanban. PMI 
has coined the term ‘Scrumban’, a hybrid for Scrum 
and Kanban. The three important pillars for Scrum and 
the Values for Agile Management. Organisations are 
moving to the new Management methods of Agile. He 
handed the floor back to Mr. Bhagwat.

Mr. Bhagwat thanked Mr. Thakurdesai for bringing 
out new aspects for effectiveness in Project execution 
and taking Project Management to a different level. He 
then went on to call Mr. Pradeep Naik to explain about 
Immersive Technologies and Hands-on Experience 
with them.

Mr. Pradeep Naik, Chief Architect 
and Distinguished Member of 
Technical Staff (DMTS) - Office 
of CTO, Wipro and Vice-President 
VRARA, Pune Chapter talked 

about “Hands-on Experience in 
Immersive Technologies”. 

He gave a brief overview of Immersive Technology 
– AR, VR and MR: Virtual Reality (VR) was a 
completely digital environment, which was a fully 
enclosed, synthetic experience with no sense of the 
real world; Augmented Reality (AR) was projecting 
in the Real world with digital information overlay in 
which the real world remains central to the experience, 
enhanced by virtual details; and with Mixed/ Merged 
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Reality (MR) the real and virtual are intertwined, where 
there was interaction with and manipulation of both the 
physical and virtual environment. He explained that 
XR Spectrum comprise Reality (R), Assisted Reality 
(aR), Augmented Reality (AR), Mixed Reality (MR) 
and Virtual Reality (VR) and what they were. They 
become possible with head mounted devices which 
have processing and interaction capabilities and gave 
examples how they become useful in day-to-day life, 
where the real world was enhanced by the virtual world. 
They were used in the Gaming sector, and also Medical 
but have now moved into Engineering as well.

He moved on to dwell on the Immersive Experience in 
the Architecture, Engineering and Construction (AEC) 
domain. For the different stakeholders it provides 
realistic representation of the end product; enables 
their giving relevant feedback for improvements; and, 
it helps predict user’s expectations by providing better 
understanding of the end product. The technologies 
support transitioning of architects from 2D plans to 3D 
design model; they enable visualization of architecture 
plan by placing a 3D model in real space and interact 
with their ideas; visualise clusters of interrelated data 
with access to different sources; provides animation and 
simulation for better understanding. It’s an interactive 
design development process with 3D architectural 
walkthrough and all that goes to improve efficiency 
by shortening design time and reducing errors. AR 
and MR enable blending the digital and real world by 
providing immersive experience. He showed how it 
could be used for underground installations and repairs 
for utilities.

Design Review or Inspection – addresses the challenges 
by helping to Visualise Plans in 3D for effective reviews; 
AR Allows users to walk through the designs as part of 
design process; and, reduces errors and shortens design 
time resulting in cost reduction. Besides, there was 
immediate access to the correlated information required 
as part of review and inspection; and permits, marking 
the inspection points, displaying faults to be inspected 
and guide the users to follow the process flow.

Mr. Naik also explained about the use of Immersive 

Experience in Manufacturing. He presented that it 
provides engineering support for Maintenance/ Repair 
and Troubleshooting and showed the demo videos 
of modules developed at Wipro using AI (Wipro IX 
Coalesce). He explained how Immersive Technology 
connects and assists the Worker/ Field Technician 
in Manufacturing, Oil and Gas, Automobile and 
Constructions. Workers at a remote site need to be up 
to date with latest procedure related to maintenance 
and repair; and, they need to navigate noisy, distracting 
environment while performing the job. They may 
need expert help/ support as on when it was required. 
The Immersive Technologies enable them to improve 
efficiency and accuracy, by making an expert available 
at onsite whenever the issue occurs; helps to solve the 
issues quickly by filling expertise skill gaps due to 
resource rotations/ retirement of experts. They provide 
Hands-free faster access to reference of resource 
material and overcome their inability to make quick 
decisions due to non-availability of real-time data. It 
meets industry compliance requirements by Hands-free 
voice activated interaction along with solutions given 
by a remote mentor. 

Training was another area where it was extremely useful 
since AR transforms the entire user experience for 
trainers and technicians with ability to project virtual 
objects – at scale – within the physical environment. 
The Life-size 3D model do away with the need for 
interpreting instructions and step-by-step visual 
instruction and warnings are possible. The interaction 
with virtual object simulates the hands-on experience 
and information was made available dynamically 
using immersive 3D labels. It was thus easy to explore 
on multiple paths for meeting the end objective. He 
showed a video of Virtual Interactive Oil Refinery.

Mr. Naik then mentioned the challenges that were faced 
in adoption of Immersive Technology over the years. 
They were Hardware limitations - Lack of resolution, 
Dynamic range and field of view, Interaction capabilities, 
and, Compute and memory capacity; Ergonomic issues 
– Intrusive, and, Cumbersome and heavy; Lack of 
integration with CAD, Simulation and AR tools; AR 
content creation was complex and time-consuming AI 
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could help for AR content; Lack of regulations; Lack of 
awareness; and, Physical safety risk.

However, the future of Immersive Technology was 
bright. 5G would drive adoption of AR for immersive 
experience with faster speeds and more reliable network, 
low latency and high bandwidth, giving smoothness 
and consistency in uniform experience. The storage, 
power consumption and computing would be into the 
edge cloud, and, enable high fidelity of graphics to 
be streamed onto VR headsets; Augmented Reality’s 
integration with Ambient Intelligence; Augmented 
Intelligence using AI; AR Cloud – Digital Twin of real 
world (like Metaverse of Facebook, Google etc.); and, 
Integrate VR technology in BIM to visualise design 
and BIM information in the field. There was a huge 
potential in the coming years and it would be the order 
of the day.

Mr. Bhagwat while appreciating Mr. Naik’s 
presentation added that the technology was making 
ripples in all fields of engineering activities, in projects 
in all sectors. The basic differentiator was that the 
technology provides an immersive experience, the 
main advantage being that the learning curve gets 
accelerated and gels well with the Learning Pyramid 
since the Immersive Technologies make a person do 
what the person was learning. Hence, it was first-hand 
experience. That was the only technology that allows 
review by virtual avatars.

Q&A from the box were taken up by the Mentors and 
the respective speakers provided the clarifications. To 
a query about use of BIM in India, it was clarified that 
some projects are getting into BIM in toto. However, 
there was long way to go.

Thereafter Dr. Harshavardhan Subbarao, requested Mr. 
Mull to add his remarks.

Mr. A P Mull, Past President CEAI said that there was 
a need to realise that BIM was the future for Consulting 
Engineers, and the faster the move to it the better it is. 
The big companies had been using it for decades but 
there are many who still have to get in. The deployment 
also depended on how the Consulting Engineers educate 

the client about it, because the client would also need to 
have similar facilities at their end, to be able to utilise 
the Digital Twin; and that’s what has to be impressed 
upon. They were slowly migrating because everybody 
was realising that if they really want to maintain and 
update the facility or process or procedure, then BIM 
would be very useful.

Dr. Subbarao thanked the audience and remarked that 
it had been a wonderful session where the Moderators 
themselves were domain experts and had so much 
to add to the event. The questions received from the 
audience showed that there was keenness to learn, 
to become aware of what was happening in the news 
areas. Since the scale at which Consultants operate 
ranged from small, medium, to large and they were all 
attracted towards these technologies, the question was 
how to migrate. He added that change would be there 
and transformation would be required. It was the new 
paradigm into which all have to shift, as Mr. Mull had 
said, and not in a far distant future. It therefore behoved 
on the Consulting Engineers to modify the way they 
work, accept a mindset change, to adapt and involve 
themselves with these new technologies rather than 
keep them at bay and saying it was not for them. They 
were for all as had been clearly outlined in the day’s 
discussions - the uses to which technologies are being 
put and their advantages, the initial problems would be 
overcome as technology marches ahead, to embrace 
the change they can bring about. He continued and said 
that it had been a wonderful session, and hoped to have 
the expert speakers as project partners for other events; 
the two Moderators were a part of CEAI-WRC’s Core 
Group and had helped to put the event together. Worley 
had talked about Agile and the change in their own 
company and how they have transformed the way the 
company thinks and works into adopting Agile and 
Lean technologies. There are a number of different 
areas in which digital technology affects everything. 
Affects the Management of a company, the ethos of a 
company, the manner in which we work and the need 
for it today. These were all demonstrated by the four 
excellent speakers - M/s. Sanjeev, Akre, Thakurdesai 
and Naik; CEAI was thankful to them for partnering 
this event. He mentioned that it was a very important 



113DECEMBER 2021

CEAI NEWS

move of CEAI to project the design and construction 
issues and their multi-disciplinary nature were very 
important for consultants. The event was just a start 
and requested the speakers to be with CEAI on future 
such events and help it grow capability in these areas, 
so that CEAI could be a real change agent for the 
Consulting Engineering arena of India to upgrade the 
way the Consultants think and act.

Dr. Subbarao also expressed, gratitude to the 
supporters – Avroglide Consultants and Chempro 
Expertise Pvt Ltd., the Media partners Management & 
Communication Group, and Constrofacilitator and the 
CEAI Secretariat.

YouTube Link: https://www.youtube.com/
watch?v=OVNxIWl_xMg 

Webinar on Choosing To Be An 
Engineering Consultant
The Future Leaders’ forum of CEAI organised a 
webinar on the topic “Choosing to be an Engineering 
Consultant”. Held on 18th November 2021, its purpose 
was to provide Young Engineers clarity on the roles 
and responsibilities plus the working methodology 
of the engineering consultancy profession. This was 
thought necessary since Engineering has become 
one of the most sought-after career options in the 
country. However, it has been observed that fresh 
graduates and even young engineers when starting 
their career or joining an engineering consultancy 
firm were not aware or knew little about the role an 
Engineering Consultant or a firm plays in a project and 
nation building. To fill that gap and provide a better 
perception and appreciation, it was thought fit to give a 
brief introduction about Engineering Consultants, their 
roles, responsibilities and work methodology and also 
portray the future prospects for Consulting Engineers.

Mr. Sudhir Dhawan, Past President CEAI welcomed 
the panellists and participants. The Young Professionals 
who participated in the discussion were:

Mr. Jitendra Kumar Singh
Staff Consultant
Asian Development Bank

 
Mr. Alok Gandhi
Vice President (International)
Consulting Engineers Group

Mr. Kishore Ponnana
Senior Manager
TATA Consulting Engineers Ltd. 
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Ms. Dilini Gamage
Structural Design Engineer
Ceylon Electricity Board
Sri Lanka

Moderators

The speakers shared their experiences on the 
professional front. When they started their journey in 
an engineering consulting organisation, they were not 
aware as to what an engineering consultancy would 
really mean and what the work repertoire would be. 
They were just happy that they had a job in hand before 
completion of the bachelor’s degree and, that they are 
going to work in the same core field they had been 
studying for last few years.

They explained as to what Engineering was really 
all about and what was the need to hire Consulting 
Engineers. To clarify that they cited an analogy from the 
legal profession; that when a legal issue arises, people 
approach and consult a lawyer, a legal consultant to 
get the best possible legal remedy and to represent 
them before any authority; similarly Consulting 
Engineers are approached when there is a need to get 
‘Engineering’ expertise for work done relating to say 
buildings, bridges, dams, roads, railways, water works, 
sewerage, stormwater drainage, etc.

However, the striking difference was that more often 
the consulting engineers are needed by an engineering 

Ms Neha Jain
Chairperson
Future Leaders Forum
CEAI 

Ms Harshita Jain
Director
Consulting Engineers Group

organisation itself, who is referred to as the ‘CLIENT’. 
It is due to the fact that the Consulting Engineers 
possess in-depth knowledge and experience which 
may not be available with the party seeking it. The 
difference between a Client and an Owner was also 
explained.

Mr. Alok Gandhi highlighted on the different type 
of Projects taken up of any Engineering Consultant 
whose scope of work ranges from Feasibility Study, 
Detailed Design, Construction Supervision, Project 
Management, Technical Assistance, Capacity 
Building, Safety Audits, Lenders Engineer, Pre-bid 
Services, Environmental & Social Assessment, O&M. 
The other speakers briefed on the different type of 
projects to give more clarity on the vast involvement 
of Engineering Consultants in a project and how they 
contribute at various stages. Alok, also explained the 
difference in the working methodology between the 
government and private client focusing on procurement 
norms and bidding methodology, selection methods 
based on Least Cost, Quality cum Cost Based, Quality 
Based, etc. The criteria for shortlisting of Engineering 
consultants were explained for both Government and 
private projects.

Jitendra and Alok highlighted on the ethical dilemmas 
faced by them and urged that as a responsible engineer 
one should work ethically, and should believe that 
honesty always pays in the long run.

Dilini explained how a fresh graduate starts a career in 
a Consulting Engineering and what areas an Engineer 
should excel at or focus on to be an Engineering 
Consultant. She also elaborated that a Consulting 
Engineer engaged in construction supervision should 
not only have thorough understanding of construction 
methods, technologies, quality controlling and quality 
assurance but should also have proficiency in areas 
such as structural design, project management and soft 
skills to perform better. The speakers, based on their 
experience, stressed that soft skills were very essential 
and would include areas sch as Problem Solving 
attitude, Interpersonal relationships, Communication 
and the Ability to Listen.
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They all also shared their pride moments working 
on Projects and contributing to the society and the 
development of the country as a whole. Jitendra 
expressed how thrilled he feels to see people receiving 
tap water at their house, all due to the project he had 
been a part of. He also shared that all the hard work 
which goes into planning, designing, long supervision 
hours during concreting of the water tank dome and 
checking of steel reinforcement arrangement at a height 
in bad weather pays off once you witness that the tank 
has passed the water leak test in the first go. Alok also 
shared the pride of being a Civil Engineer contributing 
in the Consulting field in a significant way to make the 
world a better place to live.

Kishore explained the role of OEMs and Contractor and 
how they are they different from that of an Engineering 
Consultant. Kishore also focused on the emerging 
trends going on in engineering like 3D-Integrated 
engineering, Templatisation and Automation, 
Orientation towards emerging markets and IoT.

Lastly the speakers were asked to share the one 
word that came to their mind when they hear the 
words ‘Engineering Consultant’. They came up 
with thoughtful words like Commitment, Expertise, 
Creators, Optimal Solutions, Advisor and Innovation.

The webinar concluded with enthusiastic questions 
from the audience which included criteria of ranking 
of the engineering firms, involvement of Indian 
consultants in the international market, challenges 
faced by engineering Consultants, etc. They were all 
provided with satisfactory explanations.

The Moderators – Ms. Neha Jain, Chairperson, Future 
Leaders Forum, CEAI and Ms. Harshita Jain, Director, 
Consulting Engineers Group, skilfully involved the 
panellists to elicit their views and experience and 
the session concluded with closing remarks by the 
Moderators urging the young engineers to be part of 
CEAI Future Leaders Team.
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Panel Discussion on “Guidelines for Selection 
of Certifying Bodies for ISO 9001:2015 for 
Engineering Consulting Firms”
CEAI had done a survey of its Members, in the pre-
pandemic period, to ascertain the extent of adoption 
of ISO 9001:2015 certification. It was found that 
large Consulting Firms, having more than 300 
employees, were 100% certified. However, in the 
next two categories of Firms, as per the Membership 
criteria, which have 26 to 50 employees and 51 to 300 
employees, the levels of certifications were 67% and 
69% respectively.

Another interesting observation which emerged from 
the responses to the survey, was that almost 50% of 
the Certifying Bodies (CBs) were not listed in the 
approved list of CBs in National Accreditation Board 
for Certification Bodies (NABCB) website for ISO 
9001:2015. While that may not be a matter of concern, 
as they may be certified by the Accreditation Bodies 
(ABs) of other countries that are members of the 
International Accreditation Forum (IAF). However, 
it was felt that there is a need to have a better 
understanding of the process of selection of reliable 
CBs. As a result of that it was decided to organise 
a Panel Discussion on “Guidelines for Selection of 
Certifying Bodies for ISO 9001:2015 for Engineering 
Consulting Firms” and that was held on December 
10, 2021.

Mr. Somenath Ghosh, Chair, Quality 
Sub-Committee, CEAI moderated 
the discussions. He introduced 
the topic and then requested 
Ms. Sayona Philip, Chairperson, 
Ethics & Quality Committee and 

Past President, CEAI to give the 
opening remarks. 

Ms. Philip’s welcomed everyone 
and conveyed that ‘Quality helps 
determine a firm’s success and 
contributes to its longevity. It is 
important for a company to have 

its branding associated with quality.’

Mr. Ghosh next requested Mr. Anil Jauhri, for making 
the Keynote Address. 

Mr. Jauhri, a very renowned Quality 
expert, is former CEO of NABCB. 
He very eloquently unravelled 
the process for the selection 
of a reliable and authentic CB. 

He explained that conformance 
to international standards play an 

important role in trade for goods as well as 
services. ISO 9001 gives an assurance for conformance 
to Management Systems thus building trust in the 
organisation’s ability to deliver consistent quality of 
service, reliably and on time.

To the question ‘Who can Certify?’ Mr. Jauhri’s 
response was that ‘Anyone can’. As there was no law 
or regulation that one needs to comply with, nor does 
one require a licence to set-up a certification practice. 
However, he posed the question - would the service 
recipient of an organisation that has an ISO certificate 
from ‘Anyone’, without authenticated by logos of the 
regulating bodies be acceptable? To elucidate on that 
subject, he explained how the process works. The ISO 
organisation that was based in Geneva only develops 
the Standards. It is not responsible for Accreditation or 
Certification.

The International Accreditation Forum (IAF) is the 
nodal body that is responsible for authenticating the 
Accreditation Bodies (ABs) that operate in different 
countries. The ABs in turn authenticate the Certifying 
Bodies (CBs). The entire process is managed by 
evidence being provided through 3rd Party validation 
as defined by the ISO 17000 series of standards: 
ISO 17011 for Conformity Assessment, ISO 17021 
for Competence Requirement, etc. Due to the 
mutual recognition arrangement under World Trade 
Organization (WTO), a CB accredited by an AB in 
a specific country, can operate and provide services 
in any other country that was also a signatory. The 
ISO certificate issued to the client must carry the 
logos of the CB, AB and IAF and can be tracked from 
the respective websites. The IAF is in the process 
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of developing a comprehensive directory, www.
iafcertsearch.org that would simplify the search for 
authenticating the certificate.

Mr. Shashi Nath Mishra, Head, 
Indian Register Quality Systems 
(IRQS) and Chairman, Association 
of Certification Body India, 
based his talk on over 25 years 

of industry experience as Team 
Leader in Quality, Environment & 

Safety for Consultancy Firms - small, 
medium or large. However, the challenges or issues 
faced were of similar nature for all, such as:

• Establishing, implementing and maintaining the 
Quality Management System (QMS),

• Demonstration for credibility of established 
system, and

• Consistent and efficient delivery of services

He emphasised that was where Certification Bodies 
(CBs) play a major role.

To overcome the challenges arising from establishing, 
implementing and maintaining the system for 
Management System Standards, it was important to 
obtain Certification from the right CB. He explained 
the step-by-step Certification process undertaken by a 
CB in great detail.

The guidelines for selection of a CB include:

• Credibility of the CB for Accreditation, 
Competence, Maturity, Resources and Reputation. 
For Engineering Services, the IAF Scope Sector is 
34 for which the CB must be accredited for,

• Integrity of CB including Risk based approach for 
Risk Assessment,

• Transparency with fair and open communication,

• Value Addition for process improvement,

• Delivery of Services at the earliest, and

• Cost, that must be reasonable but not too low.

Mr. Praveen Pasricha, the Founder 
Director of Quality Growth 
Services and a renowned ISO 
Consultant, brought in his over 
40 years’ experience and his core 

competence in Risk, Lean, Six 
Sigma, TQM, Management Systems 

a n d Quality Engineering. He had started his 
career with the Bureau of Indian Standards (BIS) and 
later founded his consulting firm in 1989, right at the 
start of the ISO 9001 journey. In fact, even in BIS he 
was responsible for the development and launching of 
the System Certification Scheme as per ISO 9001.

Mr. Pasricha’s enormous experience in Quality 
Consulting and Management had helped in the 
transition of the change from Procedure Driven (1987 
– 1994) to being Process Driven (2000 – 2008) and 
now moving to Risk Based Thinking (2015).

For the selection of a Certification Body (CB) his 
advice was to follow the Risk Analysis approach by 
defining the process in the following steps:

• Your Purpose: whether the Certificate is a 
marketing tool or for value addition

• Accreditation: whether the CB is Accredited or 
Non-Accredited

• Market Visibility: Does the CB have market 
visibility or not

• Pricing: Are the service charges ridiculously Low 
or is it reasonable for the man-days

• Audit Duration: Is it as per recommendation of 
IAF or having reduced man-days

• Management of CB: Is the Management Culture 
professional or Profiteering focussed

• Image of CB in the Market: Is the Image 
Respectable or Poor

• Type of Clients: Does the Client Profile have well-
known names or non-entities

• Diversity of CB: does it offer services for a diverse 
range of Standards or narrowly focussed on one or 
two Standards
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He advised that for doing that analysis it would be best 
to get names of 4 to 5 reputable CBs and do an internal 
review of their performance in terms of feedback on 
their services in countries for the geographies of target 
markets in which the firm seeking to employ a CB is 
operating and then take a decision on selecting the CB 
accordingly.

Mr. Ghosh thereafter invited the Panellists for sharing 
their views. 

Mr. Alok Bhowmick, Managing 
Director, B&S Engineering and 
Vice President, CEAI, having over 
40 years of Design Consultancy 
experience in transportation 

infrastructure and a recipient of 
several awards and citations put forth 

the reasoning on the theme ‘Why should an engineering 
consultancy organisation go for ISO certification?’ 
To put things in perspective, he explained that future 
growth would be limited in countries which are 
developed, and which have a declining population, 
such as USA and Europe, However, there were many 
other countries with dynamic, growing and vibrant 
economies and India was one such country. Hence, 
there were opportunities, which was good news 
for those Engineering Consultants who were well 
organised with contemporary skill sets and who had 
management systems in place. However, that would 
not apply to those consultants in India, who were not 
in a position to compete in the international arena.

The opportunities meant that there was enormous 
possibility for all Consultants to grow, but only for 
those who could provide quality services to their 
Clients. Consulting firms who could ensure that their 
internal processes for delivery of services were fool 
proof, would benefit. If the consulting firms in India do 
not ramp up to the challenge by meeting international 
standards, it was likely that they may go out of 
business. Even if a local firm would seek to work as 
a sub-consultant, they would still need to match the 
culture of the international consulting partner. That 
was why 3rd party certification was so important.

He then advised that while selecting a certification body, 
there was need to choose one which was experienced 
and reputed to provide authentic certificates in the type 
of industry in question; cost should not be the only 
criteria for the selection. 

Mr. Bhowmick advocated that streamlining the 
processes and procedures to qualify for ISO 9001 
certification would result in a better design process, 
which would help to provide a high quality of service, 
a better product for clients and increase in profitability 
for the Engineering Consulting firm.

The second Panellist to share his 
thoughts was Mr. Amitabha 
Ghoshal, Former Chief Advisor 
STUP and Past President, CEAI 
who has very extensive experience 

in the management of Design Office 
with a large manpower and of having 

worked in many sectors for providing Engineering 
Consultancy services and across geographies. He 
narrated the successful implementation of ISO 
certification in an Engineering Consultancy firm in the 
early years of ISO adoption; he gave the step-by-step 
procedure that was followed.

Mr. Ghoshal was of the opinion that a consulting firm 
with determination would see through the process of 
getting an ISO certification without much effort. Once 
the Certification Body (CB) is identified, the first thing 
to do was to appoint a Management Representative 
(MR), to function as the bridge between the CB, the 
Top Management and the rest of the organisation. For 
that the MR must have certain traits to be effective - 
be cool headed, be determined to complete the task at 
hand and be persuasive enough to get the line managers 
to comply to the requirements of ISO procedures, 
without compromising the primary commitment to 
the routine work and deliverables to clients and other 
stakeholders.

Mr. Ghoshal mentioned that for an Engineering 
Consulting firm, there were 3 Key Components to ISO 
Certification:
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• Managing the Design process,

• Managing the correspondence with outside parties, 
and

• Ensuring that the documents were in proper shape, 
labelled and easily retrievable.

Those were the attributes that would determine the 
firm’s conformance to the procedures.

To manage the process successfully, the firm’s Internal 
ISO Auditors play an important role. Thus, to ensure 
that they are effective, it would be prudent that they 
attend an Internal Auditors training program from 
a reputed organisation. That would ensure that the 
Periodic Audits and Certification/ Recertification 

Audits by 3rd Party Auditors from the CB would be 
managed successfully.

The queries received in the Q&A box were responded 
to by the Speakers and the Panellists. Many attendees 
expressed their appreciation that the webinar served as 
the medium to sharing of knowledge and experience of 
the experts on the subject, and their ability to demystify 
the ISO Certification process. 

The session ended by acknowledging the time and 
efforts contribution of the Speakers, the Panellists, the 
Attendees and the CEAI Secretariat.

YouTube link: https://youtu.be/oBzWWM4Hmn8 

25th Annual General Meeting
The 25th Annual General Meeting of the Members 
of the Consulting Engineers Association of India was 
held on Friday, 17th December 2021, at CEAI Centre, 
New Delhi and was conducted as per the Memorandum 
and Rules of Association of Consulting Engineers 
Association of India. 

The President welcomed the Members to the 25th 
Annual General Meeting for 2020-2021. He informed 
that CEAI had completed 25 years of service to the 
Engineering Consulting fraternity in general and the 
esteemed Members in particular. He expressed his 
heartfelt sympathy to the family members of those who 
have lost their near and dear one during the ongoing 
pandemic.
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The President briefed about the activities of CEAI 
during the Financial Year 2020-2021 which included 
updating the CEAI website, publication of Newsletter 
and ViewPoint regularly, interaction with Government 
Departments on matters related to the Engineering 
Profession. He requested the continued support of all 
Members and their active participation in the future 
activities which would be affecting the Engineering 
Profession, to enable the Association to take them 
forward collectively.

The business transacted for which the resolutions were 
passed were:

1. Adoption of the Annual Report of the Association 
for the year ended 31st March 2021

2. Passing of the audited accounts of the Association 
for the year ended 31st March 2021

3. Appointment of Auditors for the Financial Year 
2021-2022.

During the AGM, the President handed over the FIDIC 
Project Awards 2021 to M/s Assystem STUP and 
Tata Consulting Engineers. Ms. Sayona Philip read 

out the citations for the awards. The winners of the 
2021 FIDIC Project Awards had been announced at an 
online virtual ceremony of FIDIC on 14th September 
2021. The successful projects include 22 high-quality 
construction and infrastructure projects from across the 
globe. The awards celebrate outstanding projects where 
FIDIC Member firms have had a major involvement 
and they also help to publicise the work of Consulting 
Engineering firms and the contribution they make to 
people’s quality of life. They also encourage others to 
understand and support FIDIC principles. In addition, 
the awards also encourage the use of FIDIC Contracts 
and Guidelines and support the aims of the federation 
which are to promote the use of international FIDIC 
best practices and resources.

The FIDIC judging panel, chaired by Past President 
Alain Bentejac, decided to recognise projects for the 
following awards:

14 Awards of Merit
7 Awards of Excellence, and
1 Outstanding Project of the Year.

The CEAI Members who received the awards:

Awards of Merit

a) Stup	Consultants	Pvt	Ltd	(now	ASSYSTEM	STUP)
 Narendra Modi Cricket Stadium at Motera, Ahmedabad
 The world’s largest cricket stadium.
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b) TATA Consulting Engineers Limited
 Bangalore Water Supply and Sewerage Project (II), funded by Japan International Cooperation Agency (JICA)
 Increasing per capita water supply from 105 to 150 litres. A significant improvement of 356 MLD.

Awards of Excellence
STUP	Consultants	Pvt	Ltd	(now	ASSYSTEM	STUP)
Sustainable Water Supply to Rural Habitations in Gadag District, Karnataka State, India
A project that brings water to 1.5 million people (70 l/d) and which is making a significant difference to people’s 
lives.
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FIDIC Training On “Practical Use Of Fidic 
Conditions Of Contracts”
FIDIC Training on “Practical Use of FIDIC 
Conditions of Contracts” will be held online from 12th 
to 15th January 2022, daily from 2:00 pm to 6:00 
pm.

The faculty will be Mr. Bogdan Oprea, FIDIC 
Accredited Trainer, who has been very well appreciated 
by the participants of earlier courses.

Registration fee
CEAI Members - Rs. 10,000/- + GST @ 18% | Non-
members - Rs. 12,000/- + GST @ 18%

•	 5% Discount would be extended if there are 4 or 
more participants from one organization.

•	 FIDIC Certificate (Soft Copy) will be issued by 
CEAI to those who complete the Four day training 
programme.

Registration Link: https://us02web.zoom.us/webinar/
register/WN_3PMOodtkTXK3yBJu2K06qg
Payment Link: https://www.ceai.org.in/product/fidic-
training-practical-use-of-fidic-conditions-of-contract/

Ceai national awards 2021 – call for 
nominations 
CEAI is pleased to announce the CEAI National 
Awards 2021 for Excellence in Engineering 
Consultancy Services, and invite nominations for 
the following awards from organisations as well as 
individuals:

For Organisations
1)	 Awards	 for	 Excellence	 in	 Engineering	

Consultancy Services in each of the following 
categories:

 Category A) Project Engineering
 Category B) Engineering Innovation
 The Awards would be given separately for two 

groups of firms. The firms would be defined on the 
basis of average turnover for the previous 3 years:

 a) Group 1: Less than Rs. 50 crores

 b) Group 2: Above Rs. 50 crores

 For Individuals 

2)  Achievement Awards for individuals as Experts/ 
Young Professionals:

 Category A) Project Engineering
 Category B) Engineering Innovation

3)		 Lifetime	Achievement	Award

 CEAI will constitute an independent jury 
comprising eminent persons to select the awardees.

 The Brochure and Nomination Forms have already 
been circulated to all Members. The last date for 
receipt of nomination is 31st December 2021.

Brain storming session to discuss issues & 
concerns on quality of consultancy services 
for infrastructure projects of nhai
CEAI organised a “Brain Storming Session - 
To Discuss Issues & Concerns on Quality of 
Consultancy Services for Infrastructure Projects of 
NHAI”, and was held on 27th October 2021.

This session was organised by CEAI in response 
to the concerns expressed by Hon’ble Minister 
MoRTH Shri Nitin Gadkari in a recent meeting of all 
Consultants called by hm regarding the issues of the 
road infrastructure sector. He was highly critical of the 
quality of DPRs being prepared, which were resulting 
in Change of Alignment, Change of Scope, etc. 
resulting in huge financial burden on the Government. 
He appealed to all consultants to come out with long 
term solutions to the problems. The broad concerns 
voiced by the Hon’ble Minister were:

1.  Abnormally low-priced Financial Proposals quoted 
by Consultants

2.  Use of fake Curriculum Vitae by Professionals in 
the project

3.  Key Experts not found to be actually involved in 
Projects
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4.  Laxity in Survey & Investigation by Consultants in 
DPR Consultancy Services.

5.  Poor quality of construction supervision (AE/IE):

6.  Consultant to play bigger role in timely Dispute 
resolution (AE/IE).

7.  Capacity building of Consultants

CEAI’s Governing Council strongly felt the need to 
address the above issues of concern in a collective 
manner by taking opinions and suggestions from all 
Members. Many interesting and valuable suggestions 
were received in this regard. Considering the 
wide variation in the suggestions given by various 

professionals, it was thought prudent to organise 
a brain-storming session inviting all stakeholders 
representing Client, Contractor, Authority’s Engineer, 
Independent Engineer, DPR Consultants and EPC 
Contractors Consultants so that comprehensive long-
term solution to the issues raised by Hon’ble Minister 
could be found.

The session was very well attended and many points 
were raised and briefly discussed. The following 
suggestions were collated and submitted to Hon’ble 
Minister MoRTH.

Link: https://www.youtube.com/
watch?v=OBYXOPyQDEY 

Suggestion for improvement in Quality of Consultancy Services 
by DPR/A.E./I.E Consultants

Sr. No. Issues Root Causes/Reasons Suggestions

1. Abnormally 
Low-priced 
Financial 
Proposals 
for DPR 
Consultancy 
and A.E/ I.E

1. The explosive growth of 
demands coupled with 
induction of new consultants 
without proper checking of 
credentials has led to predatory 
pricing by newcomers in the 
field to drive competitors out 
and establish their credentials.

2. There is a tendency to minimise 
the work to reduce the cost in 
the absence of effective review 
and monitoring.

3. Unworkable time frame for 
DPR preparation encourages 
completion of the task without 
due diligence.

1. Bids shall be called on QCBS (90:10) system 
only. Evaluation of the Financial Proposal and 
shall be based on standard deviation of +/- 15% 
from the average bid value. Bidders quoting 
too high and too low from average should be 
discarded from the bid and no financial score 
shall be given to those bids.

2. More weightage to be given to past performance 
of Consultants. Weightage on CV of key 
professional should be reduced. 

3. DPR shall be got proof checked / peer reviewed 
by proof checking consultant having relevant 
detailed design experience both in highways & 
structures. 

4. Adequate and realistic time shall be given based 
on demand and complexity of the project. 

5. The Prebid meeting clarifications should be given 
in such a way that nothing is left ambiguous. 
The current practice of “As per RFP” shall be 
done away with. 
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Sr. No. Issues Root Causes/Reasons Suggestions

2 Use of 
exaggerated 
Curriculum 
Vitae for 
Profession-
als in the 
project

1. CVs are tailored to gain marks, 
as the demands in RFP are 
unreasonable. In the present 
system, to get 95% scores for 
team leader for IE / AE, he/she 
will have to be above 60 years 
old. Most of the times, the CVs 
are tweaked to suit the specific 
requirement as such the present 
system being very stringent, 
encourages tweaking of CVs.

2. Unavailability of manpower 
matching with the requirements 
of RFP.

1. Ranking of consultants may be done based on 
past performance and well-defined criterion. 
Ranking should be considered for evaluation 
of bids. Weightage to company & approach & 
methodology should be increased and reduced 
for CVs.

2. CVs should be verified by NHAI officers & 
interaction process should be done for successful 
bidder before signing agreement.

3. While marking the CVs of key professionals, 
more weightage should be given to completing 
the project successfully rather than number of 
projects.

4. The experience on one below lower position 
should be considered.  For example, Assistant 
Highway Engineers with experience of 3 
projects, or Highway Engineer (if position 
created) with experience of 2 projects should 
qualify for Resident Engineers.

5. For IE/AE contracts, the weightage for the 
evaluation criteria should be on experience 
in Construction Supervision projects. The 
experience of DPR should be done away with.

6. The present evaluation criteria which gives 
preference to retired officials should be done 
away with.

3 Key Experts 
not found to 
be actually 
involved in 
Projects

1. Availability of persons 
satisfying un-reasonable 
qualifying criteria given in 
DPR-RFP far-exceeds supply.

2. Enormous time overrun in 
DPRs for the reasons not 
attributable to DPR consultants, 
demoralising Key experts.

1. Continuous review and monitoring by officials 
of authority along with the key experts will 
ensure full participation.

2. Decentralization of Approval Process will enable 
quick and reasonable decision making which will 
help right inclusions in DPR. For the decision 
taken at PD and RO levels, further approvals 
from HQ level should not be demanded.

3. Variations in the scope & contract should be 
cleared on a timeline basis to keep the duration 
of the project with in schedule.
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Sr. No. Issues Root Causes/Reasons Suggestions

4 Poor 
quality of 
construction 
supervision 
(AE/IE)

1. Ambiguities in the roles & 
responsibilities of all the stake 
holders; Authority/AE/Proof 
checking consultant/Safety 
Consultant.

2. The requirement of key 
personnel spelt out in the RFP 
for engagement of Authority’s 
Engineer is insufficient. The key 
staff requirement for single lane 
to 2 laning, 2 lanes to multiple 
laning, hilly terrain or involving 
major special bridges remains 
the same.

3. Misinterpretation of scope 
of work and change of scope 
leading to disputes.
RFP compels the consultants to 
perform multitasking and varied 
non-engineering activities. 
Many of the consulting firms 
are not capable of fulfilling this 
demand

1. Proof checking & safety checking of project 
highway responsibilities should be with the AE 
and not the EPC contractor. The provision for 
appropriate professionals, e.g, Bridge Design 
Engineer, Highway design Engineer, Pavement 
Expert & Road  Safety Expert should be covered  
in AE contracts.

2. There should be adequate numbers of Key 
experts in RFP of QC, Safety, Materials engineer, 
Quantity surveyor, Bridge Design Engineer, 
Highway design engineer etc.

3. Capacity development should be given 
due weightage keeping in view the pace of 
infrastructure development. Training should be 
given for various positions / expertise as per well-
defined course and certification should be given 
weightage in selection criterion.  

5 Laxity in 
Survey & 
Investigation 
by 
Consultants 
in DPR 
Consultancy 
Services:

1. Tampering of Bench Marks by 
locals.

2. Resistance from Local 
personnel.

3. Lack of clarity in scope of 
Investigations.

4. Shortcomings in Review 
Process.

5. Inaccessibility of Locations for 
Geotechnical Investigations, 
especially in Greenfield 
alignments.

6. Resistance from local people. 

1. All investigations including, Survey, 
Geotechnical, Site specific seismic, Hydrological 
model , Wind tunnel (if required) shall be done at 
DPR stage itself to an  accuracy so that the same 
can be used in the final design by DDC. 

2. Review & Monitoring process for DPRs by NHAI 
should be made effective during this phase. 

3. Geotechnical & Surveying agencies should be 
empanelled with MORTH. 

4. Implement a strong and prompt review mechanism 
jointly by the Consultants and Clients. 

5. Assignments such as Land Acquisition, Forest 
Clearance, Social and R&R issues, Utility 
Clearance/NOC etc. should be carried out by 
NHAI through separate dedicated agencies who 
can be non-engineering  in nature. Such studies 
need to be done concurrently while alignment 
is being finalised and both agencies  should 
coordinate for correctness of LA as per latest 
alignment. 
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Sr. No. Issues Root Causes/Reasons Suggestions

6 There is a 
growing 
need for the 
Consultant 
organisation 
to play an 
effective 
role in time-
ly dispute 
resolution 
and the pro-
fessionals 
need Capac-
ity building 
for the same.

1. Protocol of Project 
Implementation in the 
country is yet to entrust the 
responsibility for holistic 
contract management on the 
Consultant organisations. 
Their role has been limited to 
compliance with specifications 
for quality control and 
monitoring of progress.

2. Resolution of disputes in their 
formative stage can create 
an environment of mutual 
trust and collaboration, 
which can expedite project 
implementation by avoiding 
delay from dispute resolution.

1. Consultancy professionals, traditionally are 
being trained on technical matters involved in 
a project. Expertise and Training on contract 
conditions should be applicable as a requirement 
for the key professionals and also for the 
project implementation officials belonging to 
the authorities. For playing a role in dispute 
resolution and efficient implementation of 
projects, they need to be trained on FIDIC based 
contract documents, that are applicable for 
various forms of contract and for multiple areas 
of engineering operation. Such training needs 
to be encouraged by making this attribute part 
of the CV evaluation criteria, depending on the 
specific needs of the project. The same should be 
made mandatory for the position of Team Leader 
and Dispute Resolution Expert positions for 
Consultants and for the PD and RO of authorities 
This is an important task, which should be taken 
up for implementation on priority.

2. CEAI, being the member association (MA) of 
FIDIC is the authorized body to impart such 
training on priority basis. 



127DECEMBER 2021

CEAI NEWS

The World Waste-to-Wealth Summit-2021 was 
organised from 16th to 17th November 

2021. Dr Ajay Pradhan, President 
CEAI, delivered a Plenary 
Address at the World Waste-
to-Wealth Summit-2021. The 
Summit was attended by National 

and International delegates from 
Australia, Bangkok, Belgium, Brazil, 

Canada, Denmark, Egypt, France, Germany, Greece, 
India, Israel, Japan, Malaysia, Morocco, Netherlands, 
Norway, Sweden, UAE, Ukraine, UK, and USA. The 
Summit brought together leading international and 
domestic players, policy makers, government officials, 
technocrats, industry and academia on a common 
platform.

Prof. Mainak Ghosal, Secretary -Consulting Engineers 

•	 MSME - Ministry of Micro, Small and Medium 
Enterprises, Govt. of India

•	 MCA - Ministry of Corporate Affairs, Govt. of 
India

•	 UAF - United Accreditation Foundation (USA)

•	 IAF - International Accreditation Forum (USA)

•	 BIAACB - Bureau of International Accreditation 
Assessment for Certification Bodies (Canada)

•	 IBEI - The Institution of Biomedical Engineers 
(India)

•	 GEC - Global Edu Connect (UK) and many more.
Association of India (Eastern & North Eastern Region) 
& GC Member of IAStructE was awarded Research 
Excellence Award 2021 by -Institute of Researchers 
(ISO 9001 Certified Organization) – a premier 
organization in India to promote and support research 
for research achievement and its sponsoring body is 
Internationally recognized and accredited by
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OTHER NEWS, VIEWS & NOTES
The theme for the March 2022 issue is “Becoming 
Atmanirbhar – Concept to Reality”.  That gives 
all Professionals – practitioners, academicians and 
receivers of services an opportunity to put their 
thoughts on paper regarding how to make the country 
Atmanirbhar; the concepts and the strategies, the 
ideas that could be made to materialise so that the 
country truly becomes Atmanirbhar – self-sufficient 
and self-reliant and be able to assist others to also tread 
similar paths, albeit tweaked to also develop and grow. 
They could relate to physical or mental conditions or 

The themes for the issues of ViewPoint for 2022 are given below.

Sl. No. Theme ViewPoint issue
1 Becoming Atmanirbhar – Concept to Reality

Guest Editor: Mr. Pradeep Chaturvedi, Chairman, Interdisciplinary Coordination 
Committee, Institution of Engineers (India)

March 2022

2 Contract Management June 2022
3 Tall Buildings in India

(to cover all aspects conceptualisation to end of design life)
September 2022

4 Technology/ Engineering for Sustainability and Circular Economy December 2022

situations on the work fronts since ultimately, it’s the 
human resources that are prime movers.

Those who have already matured are most welcome 
to share their experiences and how they went about it. 
They are urged to share their knowledge and experience 
by providing case studies of first-hand accounts of the 
challenges faced, practical issues experienced and the 
solutions to those, etc. Photographs, charts, diagrams, 
drawings, etc. would benefit readers for better 
appreciation of the issues encountered and the manner 
in which they were addressed.

OBITUARY
On 15th December 2021, we lost a doyen in Construction Law and Arbitration, Prof. Dr. Kirty 

Dave. He was a Former Class I Engineer of Government of India, worked as an Engineering 
Consultant to Iran and Oman, a Techno legal Consultant to the United States Government and 
many leading national and international firms and organisations. He was an Arbitrator on the 
panel of American Arbitration Association, New York as well as ICC (Paris).

As Engineer (Project Engineers), he had executed, for last 30 years Dams, Bridges, Canals, 
Industrial Plants, Warehouses and Residential/ Office complexes.

Besides being Adjunct Professor to the Indian Institute of Technology Bombay, he taught 
Construction Law at the Post Graduate level. He participated in a Research programme at Harvard University, 
USA related to International Arbitration. He had read many papers on the subject at National and International 
seminars. He regularly conducted workshops on Construction Law for many Government and Private 
organizations. He was invited by University of Baltimore, USA to interact on Construction law in India. He had 
chaired many national and international seminars on Engineering and Techno legal subjects.

He was the first Indian Engineer to have been invited by U.S.A. as Citizen Ambassador for Construction 
Management. He had been Vice President of Indian Institution of Technical Arbitrators.

He was a greater speaker at many of the events organized by CEAI. The audience used to hear him with rapt 
attention.



129DECEMBER 2021

CEAI NEWS

The articles for an issue need to reach CEAI at least 3 
weeks prior to the end of the month of the View Point 
issue.

Articles need to be in Times New Roman 12 with single 
line spacing with before and after 6 pt and normal 
margin, on A4 size. A recent clear and bright passport 
size photograph of the author(s) is to be sent along with 
the article.

Advertisement in View Point
VIEWPOINT is circulated to all CEAI Members, 
FIDIC, Ministries of the Government of India, Public 
& Private Sector Undertakings, Construction Firms, 
Contractors, Consultants, Foreign Missions and 
Funding Institutions in India and other organisations 

related to or dealing with the engineering profession. 
Thus, all stakeholders partnering development and 
progress are its readers.

Support from CEAI members and stakeholders are 
sought for increasing the number of advertisements, so 
that View Point gains in its stature as a unique Technical 
Publication for the fraternity and the public at large 
to spread information of how consulting engineers are 
helping society for improving the quality of life and 
doing so sustainably.

Catch the Customers Eye

Get Wide Exposure

Improve Visibility
ViewPoint

The rates for advertisements in VIEWPOINT are given below.

Item Rate Per issue* 
(Rs)

Discounted rate at 20% 
for	4	consecutive	issues*	(Rs)

Back Cover** 25,000/- 80,000/-

Inside Front Cover *** 15,000/- 48,000/-

Inside Back Cover *** 15,000/- 48,000/-

Full Page 10,000/- 32,000/-
*GST @ 5% or as prescribed will be added to the above rates.
**  Back Cover booked till March 2022
***Inside Front & Back Covers booked till June 2022
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Tech Quiz

1. What best describes the Industry 4.0 Revolution?
a) Mass Production
b) Cyber Physical Systems, Internet of Things
c) Automation, Computers and Electronics
d) All of the above

2. Who invented the first commercial 3D printing 
technology?
a) David E. H. Jones b) Murray Leinster
c) Alain Le Méhauté d) Chuck Hull

3. Match the Pairs
a) 4D Modelling i) Cost Management
b) 6D Modelling ii) Environmental,   

  Economic and Social  
  sustainability impact  
  studies

c) 5D Modelling iii) Facility Management: 
   planning and   

  management of   
  maintenance operations

    throughout the 
   building’s lifecycle
d) 7D Modelling iv) Construction   

  sequencing by means of 
   Gantt charts and 
   timelines

4. Where did ‘Lean’ concept originate?
a) USA b) Japan
c) Germany d) Italy

5. Energies Transition technologies involve:
a) Use of Grey Hydrogen as alternate fuel and 

feedstock
b) Use of Electric vehicles generating electricity 

from renewable &fossil fuel sources
c) Restricting and minimising application of all 

technologies that emit carbon dioxide
d) All of the above

6. While the term ‘Digitisation’ is the process of making 
digitised information work for the organisation in 
its businesses, the term ‘Digitalisation’ is a process 
of converting the information available in physical 
form to a digital form?
a) True
b) False

7. A roadblock to the widespread use of AR and VR ( 
Augmented Reality and Virtual Reality) technology 
is
a) Lack of Development Tools.
b) Enhanced User Experience and Readiness.
c) Affordability
d) All of the above

8. Who coined the term ‘Knowledge Management’?
a) Peter Drucker
b) Clients have become more demanding 

and information sharing is a new norm for 
successful relationship

c) Its sole purpose is to define systems that 
protects organisations intellectual property

d) All of the above

9. When was the term ‘Global Warming’ coined?
a) 1980 b) 1975
c) 1985 d) 1979

10. Acceptance of ‘Knowledge Management’ (KM) 
systems has been hindered due to:
a) The rapid pace of change in work culture, work 

force, etc  during the past decade
b) High investment costs of the digital technology 

that defines KM systems
c) Lack of understanding about KM and its 

benefits for the organisation
d) The increased power of networking and data 

communications

The first person who mails the correct answers to CEAI info@ceai.org.in will get a congratulatory mail and will 
be acknowledged by publishing the persons photograph in the next issue.

Contributed by Atul Choudhari and A P Mull
Answers to Tech Quiz September 2021 issue:
1(d), 2(e), 3(b), 4(a), 5(a), 6(a), 7(c), 8(c), 9(a), 10(d)



Delivering a  
more sustainable world
Worley is a global leader and one of India’s largest 
providers of engineering, procurement, construction, 
and consulting services in the energy, chemicals and 
resources sectors. 
 
Every day, we help our customers get one step 
closer to solving our planet’s toughest challenges. 
Together, we tackle climate change. We navigate 
the energy transition. And we keep pace with digital 
transformation.  
 
Our work today ensures we have a tomorrow. 

One that we can all thrive in.
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One of the foremost construction companies in India having expertise 

in design and construction of Long Span Bridges such as Cable 

Stayed Bridges,  Extradosed Bridges, Cantilever Bridges, Steel 

Superstructure Bridges across mighty rivers / creeks / water bodies 

and Elevated Metro Rail Corridors, BRTS, ROBs, RUBs in densely 

populated areas of cities. In last 25 years we have successfully 

completed over 300 projects in India, some of which includes:

India’s Longest Multi Span Extradosed Bridge across the Ganges 

between Ara and Chhapra in the state of Bihar .

India’s second Longest Multi Span Extradosed Bridge across the 

Ganges at Balia in the state of Uttar Pradesh .

India’s 2nd Longest Cable Stayed span of 350m across River Ravi at 

Basoli in the state of J&K.

Building India’s widest Bridge across the Ganges in the state of Bihar.

The foundation for most of long span bridges are either large dia or 
Double-D shaped caisson foundations with depth as much as 60m or 
large dia piles with length upto 65m.

As on date SPSCPL is the only company in India to build 7 Cable 
Stayed / Extradosed Bridges and building another 10 Cable Stayed / 
Extradosed Bridges concurrently.

S. P. Singla Constructions Pvt. Ltd. 
B u i l d i n g i n f r a s t r u c t u r e f o r f u t u r e …
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