INTEGRATING EQUIPMENT LIFE CYCLE CONCEPTS INTO
ENGINEERING CURRICULUM

INTRODUCTION

1. Background.

(@) Engineering education has long been characterized by a predominant
emphasis on the acquisition of design and technical skKillss Traditionally, the
curriculum has cantered on equipping students with the knowledge,and expertise
needed to excel in the creation and implementation of innovative selutions. The
core focus on design, coupled with technical proficieney, has,been the hallmark of
engineering pedagogy.

(b) However, as we navigate through the)21st" eentury, the landscape of
engineering challenges is undergoing a transformative, shift.“The conventional
paradigm, while undeniably valuablegis facing'a grewing heed for adaptation to
meet the demands of an increasingly seomplex and interconnected world.
Sustainability concerns have emerged as pivotal elements shaping the trajectory
of engineering endeavours.«The imperativesto address environmental impacts,
resource depletion, and social responsibility has prompted a revaluation of the
traditional education model.

(c) The challenges of today's engineering landscape extend beyond the confines
of individual projects and demand a broader perspective. Engineers are now
confronted withthe task of reconciling innovation with ethical, environmental, and
societal censiderations. The call for sustainable engineering practices has
become more pronounced, necessitating a shift from a narrow focus on design
and technieal skills'te a more,holistic approach that encompasses the entire life
cycle of engineering projects.

(d). The traditional concentration on design and technical skills must be
augmented with a comprehensive understanding of the broader implications of
engineering decisions. A paradigm shift is required to cultivate engineers who not
only excel increating cutting-edge solutions but also possess the capacity to
navigate the intricate web of ethical, environmental, and social considerations
associated with their designs. The integration of life cycle concepts into
engineering education emerges as a crucial component in achieving this holistic
approach.

(e) This paper delves into the rationale for incorporating life cycle concepts into
engineering education, exploring the benefits, challenges, and strategies
associated with this paradigm shift. By doing so, it aims to contribute to the
discourse on shaping a new generation of engineers capable of addressing the
multifaceted challenges of our dynamic and interconnected world.



2. Rationale

(&) In the contemporary engineering landscape, the incorporation of equipment
life cycle concepts into engineering education is not merely a pedagogical
evolution; rather, it responds to a critical imperative driven by the escalating
complexity of engineering challenges. The rationale behind integrating life cycle
concepts can be elucidated through two interconnected pillars: the importance of
equipment life cycle concepts in addressing broader engineering challenges and
the imperative need for a holistic understanding of engineering decision-making
and its repercussions throughout the entire life cycle.

(b) Firstly, the importance of equipment life cycle conceptsilies in their potential
to comprehensively address and resolve the broader challenges faced by the
engineering profession. Traditionally, engineering education has predominantly
focused on the creation of solutions within the_narrow: confines of\individual
projects. However, as the scope and impact oféengineering projects continue to
expand, a shift towards a more holistic approach beecomes essential..Ihe life cycle
concept enables engineers to transcend the limitations of project-centric thinking,
fostering a broader understanding of how their degisionsiresonate across various
stages of an equipment's life.

(c) Secondly, the imperative need for a haelistic understanding of engineering
decision-making stems from¢the interconnected nature of the life cycle itself.
Engineers are not only reésponsible for coneeiving and designing innovative
solutions but must also grapple, with the ethieal, environmental, and social
implications of their deeisions throughout the entire life cycle of an equipment.
Ignoring the interconnectedness of ‘these phases can result in suboptimal
outcomes, where,short-term gains. may lead to long-term sustainability issues. The
life cycle concept, therefore; servesas a framework that encourages engineers to
view theird@ecisions as intereonnected threads woven into the fabric of a broader
and mare sustainable engineering tapestry.

(d)m. By understanding the rationale behind integrating equipment life cycle
concepts into engineering education, educational institutions can better equip
future engineers with the knowledge and skills needed to navigate the intricate
challenges of our evolving world. This shift in perspective, from a project-centric
approach to a life cycle-oriented mind-set, not only prepares engineers for the
demands of.contemporary projects but also instils a sense of responsibility for the
long-term impact of their decisions on society, the environment, and the overall
well-being of the global community.

3. Objectives

(a) The objectives of this paper are centered on integration of life cycle concepts
into engineering education, with the aim of improving future educational practices.
This involves exploring the benefits by investigating how exposure to life cycle
concepts enhances students' understanding and critical thinking skills, analysing
case studies, and providing examples of positive outcomes.



(b) Additionally, the paper aims to identify potential challenges and barriers, such
as resistance from educators and institutions, evaluating existing curricular
structures, and examining stakeholders' perceptions. Furthermore, the paper
intends to propose strategies for successful integration, including guidelines for
curriculum modification, innovative pedagogical methods, and the role of faculty
training.

(c) Overall, the goal is to provide useful information to education stakeholders,
promoting a more holistic and forward-thinking approach to engineering education
that aligns with contemporary and future challenges.

HISTORICAL CONTEXT OF ENGINEERING EDUCATION

4. Evolution of Engineering Education

(@) The historical evolution of engineering education provides a/contextual
foundation for understanding its trajectory and.the prevailing. emphasis on certain
aspects. In the early stages, engineering, education primarily focused on
imparting practical skills and craftsmanship to'meetithe demands of the Industrial
Revolution. Apprenticeships and hands-on experience ‘were central to this
model, emphasizing the application of knowledge in real-world contexts.

(b) As industrialization progressed, a shift towards formalized education
occurred in the late 19th and early 20th centuries. Engineering schools and
colleges were established, introducing a structured curriculum that included
fundamental scientific principles alongside practical applications. This transition
marked a crucial phase in thexdevelopment of engineering education, laying the
groundworkorthe academicdiscipline we recognize today.

5. Gaps in Addressing Life Cycle Concepts

(a) Whilerthe historical evelution of engineering education has undoubtedly been
instrumental, in shaping the profession, a critical examination reveals certain
gaps, particularly in the“holistic consideration of life cycle concepts. Traditional
engineering education has tended to prioritize technical skills and project-specific
knowledge, eften neglecting the broader implications of design decisions across
the entire life cycle of engineering projects.

(b) The gaps in addressing life cycle concepts are evident in the historical focus
on immediate project needs rather than long-term sustainability considerations.
The emphasis on individual projects has led to a compartmentalized approach,
where the life cycle phases—conception, design, manufacturing, operation,
maintenance, and decommissioning—are treated as separate entities rather
than interconnected components of a comprehensive system.

(c) Furthermore, historical engineering education models have often overlooked
the environmental, and social dimensions associated with engineering decisions.
As a result, engineers may not have been adequately equipped to navigate the



complex challenges posed by the interconnected and dynamic nature of
contemporary engineering projects.

(d) Thus the need for a paradigm shift in engineering education—a shift that
acknowledges the gaps in addressing life cycle concepts and strives for a more
comprehensive and integrative approach.

THE IMPORTANCE OF LIFE CYCLE CONCEPTS

6. Maintenance of Equipment. Life cycle concepts are crucial in the maintenance
of equipment as they provide a comprehensive framework forsmanaging assets from
their initial acquisition to eventual retirement. Incorporating life cycle thinking into
equipment maintenance practices offers several important benefits:

(a) Optimized Maintenance Strategies.« Life hcycle, concepts enable
organizations to develop maintenance strategies.that align with. different phases
of an asset's life. This includes preventivé maintenancexduring the operational
phase, predictive maintenance based “on real-time data, and planned
replacement or refurbishment when, an asset.approaches the end of its useful
life. This optimization helps maximizeyeqguipment reliability while minimizing
downtime and repair costs.

(b) Cost-effective Decision-Making. By eonsidering the entire life cycle of
equipment, maintenance decisions can be made with a long-term perspective.
This approach helps. in evaluating the trade-offs between maintenance costs,
reliability, and performance over time. It allows organizations to allocate
resources efficiently,, balancing immediate needs with the long-term
sustainability of assets.

(c) Enhanced Reliability and Availability. Life cycle concepts contribute to
improved equipment reliability and availability. Regular maintenance activities,
informed\by a life, cycle approach, help identify potential issues early on,
preventing-unexpected breakdowns and ensuring that equipment is available
when needed. This is particularly critical in industries where downtime can have
significant financial and operational consequences.

(d) Extended Equipment Lifespan. Proper maintenance practices guided by
life cyclefconcepts can extend the operational lifespan of equipment. By
addressing wear and tear, identifying potential issues in advance, and
implementing appropriate maintenance interventions, organizations can
maximize the value derived from their assets, reducing the frequency of
replacements.

(e) Data-Driven Decision Making. Life cycle concepts integrate data-driven
decision-making into maintenance practices. This involves leveraging
technologies such as predictive maintenance tools, condition monitoring, and
performance analytics to make informed decisions about when and how to
perform maintenance activities, optimizing resource allocation.




7. Purpose of Lifecycle Costing. The primary objectives of life cycle cost analysis
include:

(a) Identification of Costs. Life cycle cost analysis serves the crucial purpose
of identifying all potential costs that a business may overlook during initial
stages. Businesses may be enticed by attractive offers without realizing that,
over time, these costs may surpass the initial benefits. By shedding light on
various costs at different stages of a product's life cycle, life cycle cost analysis
helps businesses assess whether profits can cover the incurred costs. Instead
of individually comparing costs, this analysis allows.fer,a comprehensive
evaluation of options by first recognizing all costs associated with the asset or
product.

(b) Comparison of Costs. Another key objective,of life cycle casting is to
facilitate cost comparison, aiding businesses in making informed degisions with
long-term benefits. When presented ¢(with multiples.investment options,
businesses can strategically compare the associated costs: For example, if
Product A has a lifetime cost of Rs.50000 and Product B has a lifetime cost of
Rs 75000, even though they serve the same function, comparing costs enables
businesses to determine the more cost-effective option. This approach aims to
maximize profits by selecting the mosti,econemically viable choice among
available options.

(c) Effective Planning. Life cyele costing contributes to effective planning by
providing businesseswith an awareness of various costs involved. For
instance, if a product incursyhigh initial,costs, has a 10-year lifespan, and low
maintenangeé costs, businesses, can plan budget allocations accordingly.
Additionally;, life eycle casting reveals periods requiring higher investments,
allowing businessesito prepare for such expenditures. For example, if a product
demands increased investment during the operational phase, businesses can
plan and)allocate wresources more efficiently. Without life cycle costing,
expenditure planning'becomes more challenging, although not impossible.

8. Life Cycle Costing Process. Kaufman's notable contribution to the field of life
cycle costing involves the development of a comprehensive model, structured around
eight key steps. These steps provide a systematic and thorough framework for
assessing the total cost of a product or system throughout its entire life cycle. This
model serves as a valuable tool for decision-makers, providing a comprehensive
understanding of the financial implications associated with different stages of a
product's life cycle.
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() Step 1. The aperating profile (OP) delineates the repetitive cycle within which the
equipment performs its| functions, detailing intervals of both operation and non-
operation. This comprehensive “description includes the startup, operating, and
shutdown'modes, providing a thorough understanding of how the equipment functions
over time. The OP serves as a crucial element in assessing the equipment's
performance andis, instrumental in various aspects of analysis, from resource
utilizatien_to_maintenance planning. By offering insights into the specific periods of
operationand ‘dewntime, the OP facilitates a more nuanced evaluation of the
equipment's life cycle and aids in optimizing its efficiency and longevity.

(b) Step 2. While the OP highlights the percentage of time the equipment is either
active or idle, utilization factors provide a more in-depth understanding of how the
equipment operates within each mode outlined in the OP. This implies that, even
during the 'operating’ mode, a machine might not be in continuous operation,
emphasizing the dynamic nature of its functionality. The consideration of utilization
factors adds granularity to the assessment, acknowledging variations within
operational states and contributing to a more accurate depiction of the equipment's
performance characteristics.



(c) Step 3. Thoroughly identify and systematically categorize each distinct cost
element or specific area of expenses relevant to the project or equipment under
consideration. This entails a meticulous examination and classification of all
conceivable financial components associated with the endeavour. These elements
may encompass procurement costs, operational expenses, maintenance
expenditures, labour costs, material expenses, energy consumption charges, and any
other financial outlays pertinent to the project's scope. This detailed identification and
categorization process serve as a comprehensive roadmap for a comprehensive
financial analysis. It ensures that every aspect of expenditure is acknowledged and
organized, providing a clear and structured overview for further scrutiny. By breaking
down the costs into specific categories, it becomes easier_to,track, assess, and
manage each element independently, facilitating a more refined understanding of the
financial landscape and contributing to effective decision-making processes.

(d) Step 4. Critical cost parameters, including but.mnot limited to the time between
failures (referred to as 'MTBF'), time between overhauls, time regquired/for repairs
(MTTR"), time allocated for scheduled maintenance, and, the rate of energy
consumption, play a pivotal role in governing the expenses accrued throughout the
equipment's lifespan. These parameters_exert significant influence over the overall
costs associated with the operation, maintenance, and performance of the equipment
over time.

(e) Step 5. Determine and quantify all costs at their present values, utilizing the current
rates. This involves evaluating variQus financial aspects, including expenses related
to procurement, operation, maintenance, and any other relevant expenditures
associated with the equipment,or project.:The calculation process at current rates is
fundamental for establishing a baseline finaneial assessment, providing a snapshot of
the immediate economic implications. Fhis initial computation serves as a crucial step
in the life cycle  costing analysis, laying the foundation for subsequent financial
evaluations and projections.

() Step 6. Project all“identifiedycosts forward by considering appropriate inflation
ratesy even though Kaufman explicitly addressed labour and material costs. This
forward projection is a critical step in the life cycle costing process, aiming to account
for the petential impact,of inflation on future expenditures. Maintaining precision in
these projections is paramount to ensure the accuracy of the final calculations, as
inaccuracies at this stage can significantly affect the overall assessment of life cycle
costs. The dynamic nature of inflation rates introduces an element of uncertainty,
making it imperative to draw on forecasts from experts. Similar to the reliance on
expert opinions for interest rates, utilizing informed predictions for inflation rates lends
a degree of reliability to the forward projection process. This strategic approach
acknowledges the complexity of economic factors and contributes to a more robust
and realistic evaluation of the anticipated costs over the life cycle of the project or
equipment.

(9) Step 7. Acknowledge the significance of the time value of money in the evaluation
process by discounting cash flows that occur in distinct periods back to the base
period. This recognition is vital to ensure comparability and precision in the



assessment of the project's or equipment's financial implications over time.
Discounting cash flows involves adjusting the value of future expenditures or revenues
to their present value, considering the opportunity cost of having funds at different
points in time. By discounting cash flows back to a common base period, typically the
present, the analysis achieves a consistent framework for comparing costs and
benefits occurring at different points along the project's or equipment's life cycle. This
practice aligns with financial principles that acknowledge the inherent value of money
changing over time and enhances the accuracy of the overall life cycle costing
evaluation.

(h) Step 8. The culmination of all relevant cash flows forms the foundation of
determining the Life Cycle Costing (LCC) of the asset: This, comprehensive
assessment allows for comparisons among competing assets, unveiling, the potential
pitfalls of exclusively favouring assets with the lowest initial capital cost. Contrary to
common perception, a more expensive asset may frequently exhibit a lower total Life
Cycle Cost, emphasizing the importance of considering long-term expenses and
benefits.

The Life Cycle Costing approach goes beyond the immediate financialoutlay, focusing
on the identification and evaluation of future costs and benefits associated with the
asset. By employing discounting techniques;, these future financial considerations are
converted into their present valués, enabling a more accurate and comparable
assessment. This strategic methodology facilitates the evaluation of the economic
worth of a project or a range ‘of project options, providing a holistic perspective that
goes beyond the limitations of assessing, only the upfront costs. The integration of Life
Cycle Costing into the decision-making,process ensures a more informed and
nuanced understanding of the true,economig,implications of an asset throughout its
entire life cycle.

SKILES REQUIRED BY THE FUTURE ENGINEER

8. Analysis of Skills and. Competencies. The rapidly evolving landscape of
engineering challenges demands a new set of skills and competencies from future
engineersyBeyend the traditional emphasis on technical proficiency, contemporary
engineers must possess a diverse skill set that enables them to navigate multifaceted
challenges. An analysis of the skills required for the future engineer reveals the
following key competencies:

(a) Cost Estimation and Analysis. Proficiency in estimating costs throughout
the entire life cycle of a project or product. Ability to analyse cost structures,
including capital costs, operational costs, and maintenance costs. Knowledge
of financial modelling and economic evaluation techniques.

(b) Risk Management. Skills in identifying and assessing potential risks that
could impact life cycle costs. Understanding of uncertainty and variability in cost
estimations. Ability to develop strategies to mitigate and manage risks
effectively.




(c) Data_Analysis_and Decision Support. Competence in collecting and
analysing data related to life cycle costs. Familiarity with decision support tools
and techniques for making informed choices. Ability to interpret and
communicate findings to stakeholders.

(d) Technological Awareness. Stay updated on emerging technologies like
Block chain, Al, Quantum computing, AR/VR, Data Science, Nano Technology,
and their potential impact on life cycle costs. Ability to assess the feasibility and
cost-effectiveness of integrating new technologies into existing systems.
Knowledge of the life cycle of specific technologies and their potential
maintenance and operational costs.

(e) Cross-disciplinary Collaboration. Effective communication and
collaboration skills to work with professionals from various disciplines. Ability to
integrate input from different experts into ife. cycle costing \analyses.
Understanding of how decisions in one phase of the life, cycle can impact
subsequent phases.

() Communication Skills. Clear and effective communication to convey life
cycle cost analyses to diverse stakeholders. »Abilitysto articulate complex
economic and technical concepts‘in an,understandable manner. Presentation
skills to communicate findings and recemmendations-convincingly.

(g) Continuous Learning and Adaptability. A mind set of continuous learning
to keep up with evolving teehnologies and,methodologies. Adaptability to
incorporate new infoermation andyadjust life cycle costing models accordingly.
Willingness to embrace,advancements in data analytics, simulation tools, and
economic evaluation‘methads.

CASE STUDIESaLIFECYCLE COSTING OF A WIND TURBINE

9. To validate the advantages of incorporating life cycle costing, it is crucial to rely on
case’ studies that offer tangible instances of how life cycle considerations impact
project results. These,case studies act as valuable demonstrations, showcasing the
tangible effectsiof adopting life cycle thinking on decision-making and the success of
projects. The Windmill Industry, for instance, employs the life cycle costing method to
examine the most effective solutions.

10. Life Cycle Costing (LCC) and Levelised Cost of Energy (LCOE) are two important
concepts used in the evaluation and management of wind turbines and renewable
energy projects. These metrics help assess the economic viability and sustainability
of wind turbine investments over their entire lifecycle.

Life Cycle Costing (LCC)

11. Life Cycle Costing takes a holistic perspective by encompassing all expenses
related to a wind turbine project across its complete lifecycle, spanning design,
procurement, construction, operation, maintenance, and decommissioning phases.
This approach incorporates both capital costs, representing the initial investment, and



operational costs, covering ongoing expenditures. In the context of wind turbines, Life
Cycle Costing is applied as under:-

(@) Project Planning. During the planning phase, LCC helps estimate the
total cost of ownership, allowing decision-makers to assess the financial
feasibility of the project and budget accordingly.

(b) Investment Decision. LCC analysis allows for the comparison of
different wind turbine options, taking into account not only the upfront costs but
also the expected costs over the turbine's lifetime. It helps in selecting the most
cost-effective and sustainable option.

(©) Optimizing Maintenance. Wind turbine operators:ean use LCC to
optimize maintenance strategies. By understanding the long-termymaintenance
costs, they can schedule maintenance activities more efficiently.and reduce
downtime.

(d) Budgeting. LCC provides a basis for setting aside funds for future
maintenance, repairs, and eventual decommissioning, ensuring that the project
remains financially sound throughout its life,

Levelised Cost of Energy (LCOE):

12. LCOE is a crucial metric fordassessing the economic competitiveness of wind
energy generation. It represents the per-unit cast of electricity generated over the
lifetime of a wind turbine, typically expressed in Rupees per kilowatt-hour (Rs/kWh).
LCOE concept is utilized fer wind turbines as under.-

(a) Project Viability. 2LCOE is used to determine whether a wind energy
project is econemically\viablerand competitive with other energy sources like
fossil fuels or solar. LowerLCOE values indicate a more cost-effective energy
sourcet

(b) Einancial Planning. = Investors and project developers use LCOE to
estimate ‘the revenue generated by selling wind energy. It helps in financial
planning, securing financing, and attracting investors.

(©) Policy and Subsidies. Governments and policymakers often use
LCOE as'a benchmark to assess the need for incentives, subsidies, or
regulatory.support for wind energy projects. A decreasing LCOE can signal the
need forpolicy adjustments.

(d) Comparative Analysis. LCOE allows for the comparison of different
wind projects or technologies. It helps determine which projects or turbines are
more efficient and cost-competitive.

)] Turbine Selection. Wind turbine manufacturers and project developers
use LCOE to choose the most suitable turbine model and size for a specific
location and wind resource.

13. Both LCC and LCOE are essential tools for decision-making and financial planning
in the wind energy sector. They help ensure that wind turbine projects are



economically viable, cost-effective, and sustainable over their entire lifecycle,
contributing to the broader goals of renewable energy adoption and carbon reduction.

14. Example. A choice exists between two wind turbines from different OEMs in a
market where the Power Utility provides Rs 2 per KWH over the entire life cycle.

(@) Case A. Consideration is given to a 2 MW wind turbine capable of
generating at a plant load factor of 35% with a lifespan of 25 years. The
objective of this LCC/LCOE analysis is to determine an appropriate power
purchase agreement with the power buyer. It is assumed that the inflation rate
Is 0%. (Typically, the NPV would need to be calculated.)

(i) Cost of Wind Turbine Capex. Rs 20 Cr for a 2 MW Turbine — Call it A

(ii) Cost of Wind Turbine Operation & Maintenance (O&M). Rs$:25 Lacs per
year averaged over a 25 year life cycle. Rs.6:25 Cris the total'Cost of the
Wind Turbine O&M. - Call it B

(i)  Net value of Turbine at decommissioning stage based on land and
scrap value would be about 25% of initial'cest. Rs,5 Crs. €all it C

(iv) Generation of wind turbine power per year = 35%x 2000 KW x 24 x
365 KWH. (PLF x Rated Capacity,x number. of hours per year)= 61.32 lac
units a year. To keep the example simple we are presuming the turbine to
be working 24 hrs a day and full 365 days

(v) Total units generated over a 25 year life cycle = 25 x 61.32 lacs= 15.33
Cr—CallitD

(vi) LCOE = (Total Costiever a lifestime) divided by (Total units generated
over adife time) in Rs per KWH. LCOE= (A+B-C)/D. That is (20+6.25-5)/
(15.33) = Rs 1.38 perUnit

(viir). Assuming the cest of finance to be 10% and a minimum of 5% IRR to
be achieved above that we would need to get a minimum return of 15%
above LEOE. So the PPA would need to be at least 115% of the LCOE.
That is 1.15x 1.38 = Rs 1.60 per KWH

(b) Case.B. Consideration is given to a 2 MW wind turbine capable of
generating at a plant load factor of 30% with a lifespan of 20 years. The
objective of this LCC/LCOE analysis is to determine an appropriate power
purchase agreement with the power buyer. It is assumed that the inflation rate
is 0%. (Typically, the NPV would need to be calculated.)

(i) Cost of Wind Turbine Capex. Rs 15 Cr for a 2 MW Turbine. Call it D

(i) Cost of Wind Turbine O&M. Rs 25 Lacs per year averaged over a 20
year life cycle. Rs 5 Crs is the total Cost of the Wind Turbine O&M. Call it
E



(i) Net value of Turbine at decommissioning stage based on land and scrap
value would be about 25% of initial cost. Rs 3.75 Crs. Call it F

(iv) Generation of wind turbine power per year = 30%x 2000 KW x 24 x 365
KWH. (PLF x Rated Capacity x number of hours per year)= 52.56 lac units
a year. To keep the example simple we are presuming the turbine to be
working 24 hrs a day and full 365 days

(v) Total units generated over a 20 year life cycle = 20 x 52.5 lacs= 10.5 Crs
units. Call it G

(vi) LCOE = (Total Cost over a life time) divided by (Total units generated
over a life time) in Rs per KWH. LCOE= (D+E-F)/Gy That is (15+5-
3.75)/(10.5) = Rs 1.54 per Unit

(vii) Assuming the cost of finance to be 10%sand a minimum of 5% IRR to
be achieved above that we would need ¢0 get axminimum return of 15%
above LCOE. So the PPA would need to be,at least 115%;g0f the LCOE.
Thatis 1.15x 1.54 = Rs 1.78 per KWH

15. This serves as a straightforward illustration of the precess for calculating life cycle
costing and LCOE in wind energy projects. Consequently,in this’'scenario, Turbine A
would be chosen since it yields a lower LCOE over. the entire life cycle. However, if
the utility were to offer only Rs 15 per kWh, bidding far this project with either of the
wind turbines would not have been viable, prompting a search for alternative options..

16. Calculating the Levelised Cost of ‘[Energy (LCOE) in detail for a wind turbine
involves considering various faetors to determine the cost of generating electricity over
the turbine’s lifetime. Here is a listof key factars to be considered when calculating the
LCOE of a wind turbine:

(a) Capital Costs (CapEx).

() Turbine procurementand installation costs.
(i) Site preparation expenses, including land acquisition and infrastructure.
(i) Transmission and interconnection costs.
(b) Operations and Maintenance Costs (O&M)
(i) Routin@ maintenance, inspections, and servicing expenses.
(i) Unscheduled repairs and component replacements.
(i) Labour and technician wages.
(iv) Cost of spare parts and consumables.

(c) Einancing Costs.

(i) Interest rates on loans and financing.

(i) Cost of capital and depreciation.



(d) Turbine Performance and Energy Output.

(i) Capacity factor, which represents the turbine's actual energy output
compared to its maximum potential output.

(i) Energy yield predictions based on wind resource assessments.

(e) Turbine Lifespan. The expected operational lifespan of the wind turbine,
typically ranging from 20 to 25 years.

() Discount Rate. The rate used to calculate the present value of future cash
flows, considering the time value of money.

(9) Inflation Rate. The expected rate of inflation, affectingyboth costs and
revenues.

(h) Tax Incentives and Subsidies. Government sineentives, tax credits, and
subsidies that reduce the cost of wind turbine deployment.

() Insurance and Warranty Costs.

() Insurance premiums for coverage against.damage, liability,’and other risks.
(ii) Costs associated with warranties provided by manufacturers.

(k) Environmental Compliance Costs. Expenses related to meeting
environmental regulations and obtaining permits.

() Grid Connection and Integration Costs. Expenses associated with
connecting the wind turbine to the electrical grid and ensuring grid stability when
integrating variable renewable.energy sources.

(m) Site-Specific Factors.

(i) Wind resource variability. and turbulence at the specific location.

(if) “Geographical, considerations affecting transportation and construction
costs.

(i) Land leasexor land ownership expenses.

(n) Decommissioning and Salvage Costs. Costs associated with dismantling
and removing the wind turbine at the end of its operational life.

(o) Residual Value. The estimated value of the wind turbine or its components at
the end of their useful life.

(p) Maintenance and Performance Guarantees. Costs and benefits associated
with guarantees provided by manufacturers regarding maintenance and
performance levels.

(g) Regulatory and Market Conditions. Electricity market conditions, including
power purchase agreements (PPAS), electricity prices, and regulatory structures.

() Market Incentives and Penalties. Renewable energy credits (RECs) or
penalties for emissions may impact the LCOE.




(s) Technological Advancements. Expected advancements in wind turbine
technology, which can impact future costs and energy production.

(t) Local Taxes and Fees. Taxes, fees, and other local charges that may apply
to wind energy projects.

17. Calculating the LCOE based on LCC (Life Cycle Costing) requires careful
consideration of these factors to provide a realistic and comprehensive assessment of
the cost of wind energy generation over the life of a wind turbine. It is a valuable metric
for comparing the economic viability of wind energy projects and making informed
investment decisions.

CHALLENGES AND BARRIERS

18. Examination of Potential Resistance. As the integration of life cyele concepts
into engineering education represents a departureqsfrom traditional pedagogical
approaches, potential resistance from both educatars and students is a fareseeable
challenge. Understanding the sources and manifestations of this resistance is crucial
for devising effective strategies to overcome it.

(a) Eaculty Perspectives. Educators,may exhibit'resistance due to factors such
as a lack of familiarity with life cycle concepts, concernsiaboutadditional workload,
or scepticism about the practicality of ineorporating such concepts into existing
curricula.

(b) Student Perspectives. Students, accustemed to conventional teaching
methods, may resistachanges that demand a shift in learning approaches.
Resistance could stem fram _perceiveddifficulty, a preference for familiar content,
or a lack of awareness regarding the practical relevance of life cycle concepts.

(c) Institutional Factors.\Resistance may also emanate from institutional
structures, »policies, /or constraints. Resistance could arise from administrative
reluctance to invest in training programs, update curricula, or allocate resources
to supportthe integration of life cycle concepts.

19. Strategies for ©@vercoming Resistance. To facilitate the successful integration
of lifecycle concepts, into engineering education, proactive strategies must be
employedto address and overcome resistance:

(a) Eaculty Development Programs. Establish faculty development programs
focused on‘providing educators with comprehensive training in life cycle concepts.
Workshops, seminars, and collaborative initiatives can enhance educators'
familiarity with the principles and practical applications of life cycle thinking.

(b) Curriculum Integration Plans. Develop well-defined plans for integrating life
cycle concepts into existing curriculum. Conduct a thorough analysis of the
existing curriculum, Map out where life cycle concepts can align with current
courses, ensuring a cohesive and interconnected approach. Highlight the
seamless incorporation of life cycle thinking into specific courses, ensuring that
educators perceive the integration as complementary rather than burdensome.




(c) Demonstration of Practical Relevance. Conduct awareness campaigns and
informational sessions showcasing the practical relevance and real-world
applications of life cycle concepts. lllustrate how integrating these concepts
enriches students' problem-solving skills and prepares them for the demands of
contemporary engineering practice.

(d) Collaboration with Industry. Foster collaboration between educational
institutions and industry partners to underscore the professional applicability of life
cycle concepts. Engage industry professionals in educational initiatives, guest
lectures, and collaborative projects to reinforce the value of life cycle thinking in
real-world engineering scenarios.

(e) Capstone Projects. Integrate life cycle thinking finto capstone projects,
providing students with opportunities to apply theoretical knowledge to real-world
scenarios. Collaborate with industry partners to develop prejects that emphasize
sustainability and life cycle considerations.

(f) Development of New Courses Focusing on Life/Cyele Thinking. Design
standalone courses that comprehensively s cover, life“leycle concepts,
methodologies, and applications. These courses,can serve as foundational
components of the curriculum, offering students a“ deep dive into sustainable
engineering practices. Develop practical “application ymodules within these
courses, allowing students t@ engage in hands-on projects that emphasize life
cycle considerations. Encaurage real-world preblem-solving and critical thinking
in the context of sustainable engineering.

(e) Pilot Programs ‘andwGradual Implementation. Initiate pilot programs or
phased implementation‘to allow educators and students to acclimate gradually.
This approach helps mitigate 4esistance by providing stakeholders with time to
adapt, observe positive outcomes, and actively participate in refining the
integration process.

CONCLUSION

20. In conclusion, the integration of life cycle concepts into engineering education
represents _a_transformative initiative that significantly enhances the capabilities of
future engineers., This paradigm shift offers a range of benefits, including improved
decision-making processes, the development of a systems-thinking approach, and the
cultivation of a.generation of engineers adept at tackling contemporary challenges.
These benefits extend to better risk mitigation, refined cost-benefit analysis, and
optimization of system performance. However, challenges in the integration process,
stemming from resistance among educators, students, and institutional factors,
necessitate strategic solutions.

21. Overcoming resistance involves implementing faculty development programs,
curricular integration plans, and fostering collaboration with industry professionals.
Recognizing and addressing challenges, such as curriculum congestion, faculty
expertise, and stakeholder resistance, is essential for successful implementation.
Examining effective integration models, such as modular approaches, interdisciplinary
collaboration, capstone projects, and industry-linked initiatives, provides valuable



insights for navigating these challenges. Faculty training strategies, including
specialized workshops, collaborative learning communities, and industry-embedded
professional development, ensure effective teaching of life cycle concepts and
emphasize real-world relevance. Collaboration with industry professionals remains a
cornerstone in enhancing the practical applicability of engineering education. This
collaboration not only makes graduates valuable assets to employers but also
contributes to the continuous improvement of engineering practices in the professional
sphere. The success of integrating life cycle concepts in engineering education paves
the way for continued evolution, urging educational institutions to adopt innovative
approaches that prepare students for the dynamic landscape of the engineering
profession.



