THE CFCPD

MANIFESTO
FOR AIRPORTS

A holistic framework for the future of airport development
With focus on India

GAURAV VATSA

Culture - Finance - Community - Planet - Digital



The CFCPD Manifesto for Airports
Copyright © 2026 Gaurav Vatsa. All rights reserved.

No part of this publication may be reproduced or transmitted without the au-
thor’s permission, except as permitted by applicable law.

The views expressed are the author’s own and do not represent the official posi-
tion of any employer, agency or organisation with which he is or has been affiliat-
ed.

This is a policy and design discussion. Project-specific engineering, operational,
legal and investment decisions require competent professional advice and the
applicable approvals. Illustrative concepts are not approved operating proce-
dures.

R21 expanded illustrated print-proof edition - September 2026

Set in Georgia. Interior trim: 6 x 9 inches.

Cover artwork: Al-assisted conceptual illustration; not a depiction of a commis-
sioned airport.

For the architects, engineers, planners and stewards
who are building a better India—
one terminal, one runway, one journey at a time.



Contents

Foreword by the author ..........coccooieiiiiiiiiieeeeee, vi
Nation First: the CFCPD proposition ..........cceecueervveensuveenneenn. viil
How to use this DOOK.......cccecerieririinieiiienicctceeecceceeeee XV
PART T CUlLUTE....ccveiiimiiiiiieiieteeteececteeiteeete et 1
The making of Indian airports ........cccceeevveeeceeenceeescneesceeeennen. 1
Local design thinking and contemporary India...................... 9
The passenger: needs, resources and expectations................ 12
Regional identity in terminal architecture............cccceeeueenee. 19
Retail and the passenger eXperience..........ccceevveeervveerrveennne 25
The airport as a cultural institution .........ccecceeerveeeriieennineennne 33
PART I FINANCE....cceeiiiieeeeieiieeeeeeceeccireeeeeeeeeeeecnveneeseeeeeeeeennnns 38
India's aviation Opportunity........ccccceeveeeveenieerneenseenieneeenne 38
Learning from the global airport system ..........cccccceeeeeueenee. 42
Cargo, maintenance and the airport economy...................... 48
Non-aeronautical income and public value............................ 53
Privatisation, partnerships and accountability...................... 57
Open skies, national capability and public value.................. 64
The Indian hub thesis: a network of distinct roles................. 67
Masterplanning, phasing and financial viability................... 70
The Living Brief: learning before expanding ............ccecueee.... 80
Frugality and earned value..........c.cccoeveeeviiniinninnninienenee. 86
Capital, commissioning and the timing of returns ............... 90
Lifecycle cost and maintainability........cccccoevernieenenncenncnnne. 94
PART IIT COMIMUNILY ...uvvteiireireerrriieeeensireeeessireesessseeeessssneeeens 99
Connectivity as a community lifeline..........ccocceeveeiiennennne. 99
The airport in the urban transport network ........................ 101
Adaptive reuse and greenfield development........................ 106

iii



No Idle Land: stewardship of the airport reserve ................. 111

Operations, local economies and good work........................ 115
Inclusive design and local participation...........ccccceeeeuveeneen. 118
Health, safety and community engagement......................... 122
Five airport settings and the questions they raise............... 128
PART IV PIANEL ccoooiiiiieiieeeee ettt ceeeiereeeee e e e e s eennens 131
Airport energy: generation, demand and resilience............. 131

Hydrogen readiness, net zero and resilient infrastructure ..136

Thermal comfort, water and embodied carbon.................... 141
Circularity and waste management...........cccecueeerueerrveennnne. 150
Digital evidence for environmental performance ................ 156
Environmental health in everyday operation....................... 158
PART V Digital ....cocviiiiiiiiieeieeteeteteeeeeeeet e 162
The digital foundation of the airport.........ccccceeceervueeneennenne 162
Terminal planning: the complete passenger journey........... 165

The Waveform Traffic Pattern: designing for flight banks . 168

The Sentient Airport: evidence, models and accountable

(4 (=T T3 (o) o TS SRR 172
Cybersecurity, privacy and continuity.........ccecceeeveeeveereueennee. 176
RARE: relevant commerce without captive customers........ 178

PART VI Futuristic DiSruptions......cccccccceeeeeveveeesccneeeeseineeeenn. 182
Future typologies: testing the proposition.............cccuuce...... 182
Automated ground operations and electric fleets................ 189
Below ground: selective city—airport integration................. 193
People movers, vertiports and the access hierarchy ............ 195
Augmented and virtual experiences.........cccceeeeeeveeeeeenenenn. 198
Aircraft energy transitions and airport readiness............... 202
Modular construction and controlled delivery.................... 204
Long-span structures: efficiency and resilience.................. 208

Spaceports: a long-horizon question..........ccccceeeeveeecveennee. 210



PART VII The Way Forward...........cccceeveeniieniiennienieenieneeenne 211

India and the next thirty years.......ccccecvveeeeveercieenceeeccneennns 211
From manifesto to mandate: implementing CFCPD ........... 213
Epilogue: the airport as a public promise.........c.ccccecueerreennuenne 218

Appendix A The proposed CFCPD assessment framework.... 220

Appendix B Sources and visual credits..........ccceeeueeeririernnennnns 225
GloSSAry Of TEIMS ...ceevvuviiriieeriieeriieesreeeieeesree e e essaeeesaeeeas 228
AcCKNOWIedgmENtS.......ceeveuiiiiiiiiiieeieeete e e e 231
About the AUthOr ....c..evviiiiiieeeeeeeee e 232



Foreword by the author

An airport is usually announced as a project: a site, a ter-
minal, a runway, a capacity and an opening date. It is experienced
as something much larger. For a passenger, it is a route to work,
family, education or opportunity. For a city, it is a relationship
with other places. For a nation, it is a long-term commitment of
land, capital, institutions and public trust.

India's recent airport development has changed expectations of
what a terminal can offer. Architecture can express regional iden-
tity without abandoning contemporary technology. Gardens, craft,
daylight and public art can belong in major infrastructure. Passen-
ger service and environmental ambition need not be imported as
finished templates. These achievements deserve recognition. They
also invite a harder question: how can the quality visible inside the
terminal extend to the complete system that makes the airport
useful?

A beautiful airport reached only through an expensive or unreli-
able journey remains incomplete. A new international gateway
without viable airline services has not yet delivered connectivity. A
commercially successful precinct that excludes surrounding com-
munities has created a narrow kind of value. A digital dashboard
that cannot explain its assumptions has not made a decision more
trustworthy. The building matters, but it cannot carry the obliga-
tions of policy on its own.

The CFCPD manifesto joins five questions that airport develop-
ment too often separates. Culture asks whether the airport belongs
to its place. Finance asks whether its commitments can endure.
Community asks who can use the opportunity and who bears its
costs. Planet asks what growth consumes and what risks it creates.
Digital asks whether evidence improves decisions while preserving
human accountability. Together, Culture, Finance, Community,
Planet and Digital provide a lens through which a project can be
judged as part of a city and a nation.

This is a policy and design book, not a construction manual. It
argues that India should plan aviation as a durable component of
future mobility, while remaining honest about affordability, safety,
environmental limits and the contribution of rail and other modes.
It challenges public authorities to align airport investment with



air-service policy, airline capability, surface transport and regional
development. It asks investors and operators to connect financial
success with service, renewal and public value. It asks designers to
make those commitments spatially and operationally real.

Several methods proposed here translate that argument into
practice. The Living Brief carries lessons from the operating air-
port into its next development phase. No Idle Land treats reserve
land as a responsibility: some parcels may support compatible in-
terim activity; others create their greatest value by remaining pro-
tected. AERONOVA is the author's adaptive planning method. The
Sentient Twin is its proposed digital decision-support architecture,
not an autonomous authority. These ideas are introduced before
their technical applications so that the framework remains legible
as one argument.

The book does not assume that every airport should become a
global hub, that private ownership automatically improves service,
or that every emerging technology deserves immediate invest-
ment. It asks for a more demanding form of ambition: choose the
right role, make the trade-offs explicit, fund the commitments,
and measure what happens after opening. A nation-building air-
port is not defined by size alone. It is defined by the opportunities
it makes possible and the obligations it continues to honour.

The decisions now being taken will outlast many of the forecasts
used to justify them. The purpose of this manifesto is to make
those decisions more coherent, more accountable and more gen-
erous in their understanding of public value.

Gaurav Vatsa



Nation First: the CFCPD
proposition

India is entering an aviation era without precedent. The country is
building new airports, expanding existing gateways, ordering air-
craft at historic scale and bringing air travel within reach of com-
munities that were previously excluded from the national aviation
network. Airports are becoming larger, more technologically so-
phisticated and more commercially significant. They are increas-
ingly shaping cities, regional economies, tourism, logistics,
employment and the national image presented to the world.

Yet scale alone cannot define success. A larger terminal is not
necessarily a better terminal. A visually impressive building is not
automatically a culturally meaningful one. A digitally equipped
airport is not necessarily intelligent. A commercially active airport
is not necessarily financially resilient. Nor can an airport call itself
sustainable merely because environmental technologies have been
added to an otherwise inefficient development model.

The consequential question is not only how many airports In-
dia should build, but what each airport should contribute to
the nation, region, city and people it serves.

This book proposes an answer through five intercon-
nected pillars: Culture, Finance, Community, Planet and Digi-
tal —CFCPD. These pillars are not separate themes to be addressed
by different departments after the principal decisions have already
been made. They are interdependent measures of airport value
and must shape the airport from its earliest conception through
design, financing, construction, operation, expansion and renewal.

Culture asks whether the airport belongs to its place. It exam-
ines whether architecture, landscape, materials, public art, food,
retail and passenger experience express regional identity with au-
thenticity rather than superficial decoration.

Finance asks whether the airport can sustain itself, reward re-
sponsible investment, remain affordable to users and generate the
resources required for continued improvement.
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Community asks whether the airport improves life beyond the
terminal boundary through connectivity, employment, local enter-
prise, public amenities, inclusive access and regional development.

Planet asks whether growth has been reconciled with ecological
responsibility, resource efficiency, climate resilience, carbon re-
duction and the needs of future generations.

Digital asks whether data, automation, artificial intelligence and
connected systems are being used to make the airport safer, more
efficient, more responsive and capable of continuous learning.

Although all five pillars are essential, their long-term delivery
depends upon one indispensable condition: financial success. This
does not mean that profit should override public purpose. It
means that enduring public purpose requires an enduring eco-
nomic foundation.

An airport that is culturally expressive but financially fragile will
eventually reduce its cultural programmes and maintenance
commitments. An airport that promises extensive community
benefit without sustainable revenue may not preserve those bene-
fits through economic cycles. An airport that adopts environmen-
tal technologies without lifecycle affordability may abandon them
when renewal becomes necessary. An airport that invests in digital
systems without a clear business and operational case may accu-
mulate expensive technology without becoming more intelligent.

Finance is both a CFCPD pillar and the enabling structure
that funds the continuing delivery of Culture, Community,
Planet and Digital.

ix
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Five lenses on one airport

Every development choice affects the city and the nation.

@ Culture © Finance
Belonging and identity Durable commitments
© Community O Planet
Access and shared benefit Resources and ecosystems

© Digital
Evidence and accountability

Conceptual illustration and schematic; not a site design

Figure 1. CFCPD applies five connected tests to one development decision; a ben-
efit in one pillar does not erase a burden in another.

The financial objective proposed by this manifesto is not indis-
criminate revenue maximisation. It is disciplined and responsible
value creation. It requires the airport to right-size infrastructure
against credible demand; phase capital so that assets are built
when they are needed and can begin earning; avoid premature
monumentality; maximise the productivity of land and buildings;
develop diversified income; evaluate decisions through lifecycle



cost; and ensure that commercial success strengthens rather than
compromises passenger experience and public value.

The framework therefore rejects two equally damaging ex-
tremes. The first is an airport conceived only as public infrastruc-
ture, with insufficient attention to commercial resilience, asset
productivity and return on capital. The second is an airport con-
ceived only as commercial property, where passenger dignity, re-
gional identity, environmental responsibility and community
benefit are subordinated to short-term extraction. A successful
airport must reconcile public purpose with financial discipline.

This balance is especially important in India. The country needs
airport infrastructure at enormous scale, but it must create that in-
frastructure without wasting capital, excluding passengers or re-
producing imported models unsuited to Indian conditions. India
cannot afford airports that are expensive to build, costly to oper-
ate, difficult to expand and culturally anonymous.

The five pillars operate as a connected cycle rather than as com-
peting priorities. A culturally resonant airport can attract passen-
gers, visitors, businesses and tourism. Strong community
integration can expand its catchment and strengthen its social li-
cence to operate. Environmental efficiency can reduce lifecycle
cost and protect the airport from energy, water and climate risk.
Digital intelligence can improve capacity utilisation, passenger
processing, asset management and commercial performance.
These benefits reinforce financial resilience, which in turn funds
continued progress across all five pillars.

xi
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The reinvestment cycle

Public value and financial resilience must reinforce each other.

1 Better service 2 Voluntary demand

Useful, reliable, inclusive Value without coercion

Each link must be tested

4 Reinvestment 3 Viable income

Renew useful services Cover lifecycle costs

Conceptual cycle; benefits are not automatic

Figure 2. The reinvestment cycle links user value and financial resilience; none of
the links is automatic.

The book also proposes that conventional airport masterplanning
is no longer sufficient for the speed and uncertainty of contempo-
rary aviation. Traditional masterplans are normally based on fore-
casts developed at a fixed point in time. They are documented,
approved and then gradually overtaken by changes in traffic, tech-
nology, regulation, climate, airline strategy, passenger behaviour
and capital availability.

The airport of the future requires a masterplan that can learn.
This is the purpose of AERONOVA: a continuously evolving plan-
ning and decision method connecting demand, financial perfor-
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mance, operational data, asset condition, environmental indica-
tors and regulatory requirements.

AERONOVA does not replace professional judgement or ac-
countable human decision-making. It strengthens them by con-
verting the airport from an intermittently studied object into a
continuously understood system. Its digital expression is the Sen-
tient Airport—an airport capable of sensing conditions, modelling
consequences, generating options and supporting timely decisions
across planning and operations.

Build only what is required, but design every interface to
evolve.

A smaller, better-utilised and continuously adaptable airport
may create more value than a larger airport burdened by un-
derused space, excessive capital cost and inflexible systems. The
objective should not be maximum construction. It should be max-
imum long-term value from every unit of land, capital, energy and
human effort.

The manifesto also reconsiders the airport’s relationship with
the city. Publicly accessible areas can become civic and economic
infrastructure: places for culture, work, commerce, wellness, hos-
pitality, education and gathering. The forecourt can become a lay-
ered urban threshold rather than a congested kerb, provided
security, circulation, public transport, parking, commercial viabil-
ity and community access are resolved as one system.

Cultural identity should similarly inform the building’s geome-
try, landscape, light, materiality and patterns of social interaction
rather than being applied after the terminal has been planned. In-
dia does not need airports that imitate an abstract global standard
and then add regional motifs. It needs contemporary airports
shaped by Indian climate, passenger behaviour, social customs,
craftsmanship, economic conditions and technological capability.

Sustainability must move beyond symbolic certification. The
first environmental decision is often not which technology to in-
stall, but how much infrastructure truly needs to be built. Finan-
cial discipline and planetary responsibility frequently lead to the
same conclusion: avoid unnecessary construction, increase utilisa-
tion, phase intelligently and measure performance over the whole
lifecycle.

xiii



Digital transformation requires the same discipline. Airports do
not become intelligent by purchasing more software, sensors or
screens. Digital systems must serve defined operational, financial,
environmental and passenger outcomes and must be governed
through cybersecurity, privacy, interoperability, data sovereignty
and human accountability. The Sentient Airport must never be-
come an unaccountable airport.

The futuristic technologies examined in this book are therefore
treated as planning conditions, not as reasons for premature ex-
penditure. Future-readiness does not mean constructing specula-
tive infrastructure before demand exists. It means safeguarding
the land, interfaces, utilities, structural capacity, data architecture
and governance flexibility required to respond when the economic
and technological triggers become real.

The CFCPD framework is intended as a system of decisions,
metrics and accountability. It can structure masterplans, evaluate
design alternatives, inform concession agreements, establish lend-
er requirements, guide procurement, monitor construction and
report operational value. Its rating system is not intended to re-
place judgement; it is intended to make judgement more con-
sistent, transparent and capable of improvement.

This book is written for the operator deciding whether to ex-
pand; the planner determining how much capacity is genuinely
required; the architect deciding what the terminal should express;
the engineer selecting systems that must perform for decades; the
lender assessing resilience; the government evaluating public ben-
efit; the airline examining viable operations; the community ask-
ing what the airport will contribute; and the passenger whose
experience reveals whether the promises were real.

India does not merely need more airport infrastructure. It needs
airports that create more value from infrastructure. It needs air-
ports financially successful enough to preserve their culture, serve
their communities, protect the planet and continuously renew
their digital intelligence.

This is the CFCPD airport. Its purpose is national value. Its dis-
cipline is financial sustainability. Its method is AERONOVA. Its
intelligence is the Sentient Airport. Its guiding commitment is Na-
tion First.
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How to use this book

Read this book as a connected argument about national develop-
ment, as a framework for masterplans and investment decisions,
or as an implementation tool. The scorecard, decision rule and
procurement proposals translate the manifesto into project tests.

The hierarchy of ideas

CFCPD defines the public outcomes. AERONOVA is the adaptive
planning method for testing and updating them. The Sentient Air-
port supplies governed evidence and decision support. Future-
readiness modifies all five pillars; it is not a sixth pillar.

Four levels of recommendation

The book distinguishes four levels: foundations needed now;
performance improvements justified by scale and economics;
emerging capabilities safeguarded until a defined trigger; and
long-horizon scenarios that inform optionality, not immediate
capital expenditure.

The CFCPD decision rule

No intervention should materially improve one pillar by de-
grading another without evidence, mitigation and accounta-
ble approval.

Airport decisions involve trade-offs: revenue and passenger
space, security and openness, automation and employment, local
expression and legibility, initial cost and lifecycle flexibility, per-
sonalisation and privacy. CFCPD makes these conflicts visible and
requires transparent resolution.

Evidence and targets

The book proposes benchmarks, not universal statutory standards.
Adjust them for airport type, scale, climate, regulation and exist-
ing infrastructure. Substantiate quantified claims using the evi-
dence guidance in Appendix B before placing them in tenders or
investment decisions.

XV
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Make the trade-offs visible

A shaded public forecourt is one decision, not five projects.

ONE
CHOICE

Benefits and obligations
belong in the same

appraisal.

PILLAR POTENTIAL VALUE

I Culture Local identity

I Finance Income and useful space

I Community Shade, work and welcome
I Planet Comfort and less heat

I Digital Better flow information

lllustrative assessment; no project score is implied

Figure 3. A worked CFCPD comparison makes benefits and obligations visible be-

TEST BEFORE
APPROVAL

Authenticity; upkeep

Lifecycle cost; pricing

Free access; safe
routes

Water; ecology;
materials

Privacy; staffed
fallback

fore approving a forecourt proposal. This is an illustrative assessment, not a pro-

ject score.

Where to begin

Begin with the Foreword and the five pillars. For project use, con-
nect the Finance chapters on AERONOVA and lifecycle value with
the Digital chapters on operational evidence, then use Part VII and
the scorecard to assign actions, owners and measures.



CFCPD MANIFESTO FOR AIRPORTS

PART1
Culture

Airports as Regional Identity and National Pride

CHAPTER o1
The making of Indian airports

India's airport story records changing ideas about who aviation
should serve. Early airmail and strategic airfields were followed by
public networks, private carriers and new forms of airport part-
nership. Each phase left buildings, institutions and expectations
that still influence decisions today. The useful question is what the
next phase should inherit, and what it should change.
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The brief changes with policy

Selected milestones in Indian civil aviation.

(1 JECTE

Early airmail

Aviation demonstrates a new
connection.

© 1953

Nationalisation

Public institutions shape the
network.

© 1995
Airports Authority of India
Airport responsibilities are reorganised.

O PPPera

New delivery models
Ownership and investment change the brief.

© Next
The CFCPD lens
Judge growth by durable public value.

Selected milestones; spacing does not represent elapsed time

Figure 4. Selected milestones show how policy and institutions change the airport
development brief.

Pre-Independence Era: The Seeds of Aviation (Early
20th Century - 1947)

Early aviation in the subcontinent developed through mail ser-
vices, military requirements and commercial experiments. These
beginnings explain why many airport sites were chosen for pur-
poses quite different from the metropolitan transport role ex-
pected of them now.

The 1911 Allahabad-to-Naini airmail flight is an early landmark
in this history. Its importance lies in the connection it demonstrat-
ed: aircraft could move time-sensitive goods across a landscape
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whose surface journeys were slower. That relationship between
speed and access remains central to aviation policy.
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Plate 1. A postcard commemorating the first aerial post at Allahabad in 1911. Au-
thor unknown; public-domain image from Wikimedia Commons.

Strategic British Interests: For the British Raj, aviation initial-
ly served primarily military and administrative purposes. Scat-
tered airfields were established for strategic deployments and
rapid communication across the vast subcontinent.

Early Civilian Aspirations and Private Initiatives
(1920s-1930s): While military utility was paramount, the seeds
of civil aviation were also sown.

Civil airfields emerged at places such as Dum Dum, Bamrauli
and Juhu during the interwar period. Their development was une-
ven, and drainage, access and available land constrained what
could subsequently be built. A historic airfield should therefore be
understood as an inherited planning condition, not an empty site.

Civil aviation administration and flying organisations developed
alongside these services. Regulation, training and infrastructure
had to grow together; the aircraft alone did not create an aviation
system.

Tata's 1932 airmail service is a landmark in Indian commercial
aviation. It demonstrated the role of domestic enterprise in linking
cities and became part of the lineage of Air India. Other operators
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also built routes, illustrating the interaction between commercial
initiative and the public infrastructure on which airlines depend-
ed.

The Second World War accelerated airfield construction, espe-
cially in eastern India. Some of these sites later supported civil op-
erations. The period also strengthened aircraft manufacturing and
maintenance capability, including the establishment of Hindustan
Aircraft in 1940, a predecessor of Hindustan Aeronautics Limited.
The legacy was a dispersed physical network whose later civil role
required new investment and governance.

By the eve of independence, India possessed a nascent but geo-
graphically spread aviation infrastructure, largely comprising
basic airfields. Civilian air travel, while growing, remained a luxu-
ry, and the overarching philosophy was one of fundamental con-
nectivity rather than integrated development or commercial
sophistication.

Airlines operating in India before 1947

Airline Year Key Notes
Found-
ed
Tata Airlines 1932 Founded by J.R.D. Tata; began as an airmail ser-

vice between Karachi and Madras (now Chennai);
later became Air India in 1946.

Indian National 1933 Established by Govan Bros Ltd; operated domes-
Airways tic routes and mail services; merged into Indian
Airlines in 1953.

Air Services of 1936 Operated regional routes in western India; later
India merged into Indian Airlines.
Deccan Airways 1945 Joint venture of the Nizam of Hyderabad and Ta-

ta Group; operated in southern India.

Ambica Airlines 1945 Founded in Baroda (now Vadodara); short-lived
regional airline.



Airline Year
Found-
ed

Himalayan Avia- 1948*
tion

British Overseas | 1939 (in
Airways Corpo- | India)

ration (BOAC)

Imperial Air- 1924

ways (UK),
1929 in
India

Orient Airways 1946

CFCPD MANIFESTO FOR AIRPORTS

Key Notes

Though formally registered post-independence, it
was in planning stages before 1947; focused on
mountain routes.

The UK’s national airline; operated long-distance
international flights touching India (Karachi, Cal-
cutta, Delhi, etc.).

British airline that pioneered routes connecting
the UK to India and beyond; merged into BOAC
in 1939.

Founded in British India by Muslim entrepre-
neurs; after partition, became Pakistan Interna-
tional Airlines (PIA).

Post-Independence Era: Nationalization, Growth,
and Liberalization (1947 - Present)

The dawn of independence brought with it the monumental task of
nation-building, and aviation was quickly identified as a critical

component.
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Plate 2. A group at Eastleigh Airport, Nairobi, 20 November 1950, in an archive
image associated with a flight to Bombay. Credit: Amarjit Chandan Archive.
Source and rights record in Appendix B.

Immediate Post-Independence Challenges (1947-
1950s)

Partition's Impact: The partition of India in 1947 had a signifi-
cant and immediate impact on aviation. Existing airline compa-
nies had to realign, and critical air routes and infrastructure were
severed or redefined. Airlines like Orient Airways shifted base to
Pakistan. Air services played a crucial, albeit often overlooked, role
in refugee evacuation and relief efforts during this tumultuous pe-
riod.

The Air Corporations Act of 1953 reorganised scheduled airline
services around two state-owned corporations. This model treated
aviation as an instrument of connectivity and national integration,
while concentrating important operating and investment decisions
within the public sector.

Air India International (later Air India): For long-haul in-
ternational services. This era was characterized by a state-driven
model of development, prioritising access and network expansion,
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though often constrained by bureaucratic procedures and limited
capital.

Plate 3. Air India Douglas DC-3 at Heathrow, London. The source does not estab-
lish the capture date. Photograph: Jim Halley; CC BY-SA 3.0. Reproduced with-
out cropping or retouching.

Indian Airlines: For domestic and regional international
routes.

Era of Steady Expansion and Early Modernization
(1960s-1980s)

Airports expanded incrementally as traffic and aircraft require-
ments changed. The question for this period is not whether a ter-
minal looked modern, but whether investment in runways,
navigation, processing capacity and staff kept pace with the service
expected of it.

1972: International Airports Authority of India (IAAI): To
manage the burgeoning international traffic, the IAAI was consti-
tuted to manage major international airports.

1986: National Airports Authority (NAA): Established to man-
age domestic airports and air traffic services.

The Airports Authority of India was formed in 1995 by merging
the International Airports Authority of India and the National Air-
ports Authority. The institutional lesson is that network planning,
air navigation and individual airport investment are connected re-
sponsibilities, even where delivery models differ.

Liberalization and the PPP Revolution (Early 2000s
- Present)

Domestic airline liberalisation in the 1990s widened private par-
ticipation. This must be distinguished from international open-
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skies agreements, which concern market access between countries.
Airport development subsequently had to respond to a more var-
ied mix of carriers and passengers.

The public—private partnership (PPP) Model for Air-
ports: Recognizing the immense capital requirement and the
need for efficiency and best-in-class service, the government em-
barked on a groundbreaking journey of public-private partner-
ships (PPPs) for airport modernization.

Greenfield Airports: New greenfield airports, such as Benga-
luru (Kempegowda International Airport) and Hyderabad (Rajiv
Gandhi International Airport), were developed from scratch under
the PPP model, becoming models of modern airport design and
operation. Even earlier, Kochi International Airport (CIAL) in
1999 pioneered the PPP model in India.

2006: The modernization and operation of major international
airports like Delhi (Indira Gandhi International Airport - IGIA)
and Mumbai (Chhatrapati Shivaji Maharaj International Airport -
CSMIA) were awarded to private consortia (GMR Group and GVK
Group, respectively). This marked a significant shift, bringing in
private capital, advanced management practices, and a renewed
focus on passenger experience and commercial viability.
Explosion of Air Travel and Regional Connectivity: This
period saw a boom in air passenger traffic, fueled by the rise of
low-cost carriers (LCCs) like Air Deccan (2003), Indigo, and
SpiceJet, making air travel accessible to a wider demographic.
Government schemes like UDAN (Ude Desh ka Aam Nagrik),
launched in 2016, further boosted regional connectivity by subsi-
dizing flights to underserved airports.

The next phase links environmental performance, digital ser-
vices and more varied ownership and operating arrangements.
These developments should be judged by measurable service im-
provements rather than by labels. An award, a certification or a
change of ownership cannot on its own establish an airport's over-
all public value.

The history leaves a practical lesson: aviation grows when
policy, institutions and physical capacity develop together. A ter-
minal can only fulfil the purpose that those arrangements make
possible. The next chapter asks how design can respond to its own
place while drawing intelligently on international expertise.
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CHAPTER o2

Local design thinking and
contemporary India

An airport can meet international operating requirements and still
feel unrelated to its location. The challenge is to make the terminal
respond to local climate, language, patterns of travel and public
life without compromising safety or legibility. Local design think-
ing is a method of investigation, not a preference for ornament or
a rejection of outside expertise.

The design brief should explain which regional qualities matter,
who has been consulted and how the proposal will improve use.
That evidence gives Indian and international teams a shared basis
for decisions and creates meaningful work for local designers,
makers and suppliers.

The Challenge of Imported Aesthetics: Missing the
Indian Narrative

The era of rapid airport modernization in India, particularly since
the early 2000s, saw the influx of renowned international archi-
tectural and design firms. Their expertise brought global best
practices in capacity planning, passenger flow, structural engi-
neering, and commercial layouts. This was a necessary phase to
rapidly scale up infrastructure to meet growing demand and global
standards.

A standard terminal template can overlook climate and social
context. The risk arises when a familiar solution is accepted with-
out testing it against the place, regardless of the nationality of its
designer.

Generic Glass & Steel: Many new terminals, while grand,
adopted a uniform global style of glass and steel, often failing to
adapt to India's unique climatic conditions (intense heat, mon-
soons) or its cultural preference for vibrant, contextual spaces.

Superficial Symbolism: When Indian elements were incor-
porated, they sometimes appeared as an afterthought — a decora-
tive mural here, a traditional motif there — rather than an organic
integration into the core architectural concept. This often led to a
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"misinterpreted narrative," where rich cultural symbols were re-
duced to mere embellishments.

Lack of Local Sensibility: Design decisions, from seating ar-
rangements to retail layouts, were sometimes based on Western
consumer behaviour patterns, overlooking the distinct social dy-
namics, family-oriented travel, and retail purchasing behaviours
prevalent in India.

Developing local capability should be an explicit procurement
objective. Contracts can require knowledge transfer, local research
and substantive participation by Indian design teams and crafts-
people, while retaining access to specialist international expertise.

Reclaiming the Narrative: Towards Indigenous
Innovation

The imperative now is to move beyond mere functionality and
commercial viability to create airports that are authentic cultural
ambassadors. This requires a conscious pivot towards nurturing
and empowering local design thinking, underpinned by an inter-
national vision that understands global aviation demands but fil-
ters them through an Indian sensibility.

Defining the Indian Design Ethos: This involves a deeper
exploration of what constitutes 'Indianness' in design for public
spaces. It's not about revivalism, but about contemporary inter-
pretations of traditional wisdom. Key aspects include:

Bioclimatic Design: Drawing inspiration from traditional In-
dian architecture's inherent passive cooling, natural ventilation,
and daylighting strategies adapted to local climatic zones.

Contextual Materiality: Utilizing locally available, sustaina-
ble materials (stone, terracotta, natural fibers, bamboo) that re-
duce carbon footprint and connect the structure to its immediate
environment.

Spatial Narratives: Crafting passenger journeys that tell a
story, perhaps through a progression of courtyards, a play of light
and shadow, or the unfolding of visual themes inspired by local
myths, history, or geography.

Sensory Experience: Engaging not just sight, but also touch
(textures of materials), sound (acoustics that reflect local envi-
ronments, perhaps subtle music), and even scent (natural flora in
green spaces).

10
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Integrated Cultural Expression: Instead of standalone art
installations, the aim should be for cultural elements to be integral
to the architecture and interior design.

Ayodhya's Maharishi Valmiki International Airport provides a
compelling example, with its Nagara-style architecture, columns
symbolizing 'Kandas' from Ramayana, and "Toran Dwars' deeply
embedded in the design, creating an immersive cultural experi-
ence from the moment of arrival.

Mumbai's Chhatrapati Shivaji Maharaj International Airport
(T2), while designed by SOM, made a conscious effort to integrate
Indian elements, notably through its extensive display of Indian
art and the peacock-inspired structural elements, demonstrating
the potential for global firms to collaborate and adapt.

Bengaluru's Kempegowda International Airport (T2) with its
"Terminal in a Garden" concept, while drawing on global biophilic
design trends, integrates it with a sensitivity to India's connection
with nature and green spaces.

Tiruchirappalli International Airport's design draws from Ko-
lam art and Srirangam Temple colors, while Surat International
Airport reflects traditional Gujarati woodwork, and Kolhapur Air-
port incorporates local folk art. These demonstrate efforts to cap-
ture regional identity.

Empowering Indigenous Talent: Fostering a new genera-
tion of Indian architects, urban planners, interior designers, and
artists who are not just technically proficient but also deeply root-
ed in Indian sensibilities. This requires:

« Greater engagement of Indian design firms as lead consultants
in major airport projects.

« Mentorship and collaboration models between international
and Indian firms to facilitate knowledge transfer.

« Investment in design education that emphasizes cultural con-
text and sustainable practices.

« Creation of platforms for local artisans and craftspeople to con-
tribute meaningfully to airport aesthetics.

Local design earns its place when it improves comfort, orienta-
tion, durability or cultural understanding. The test is the passen-
ger's experience rather than the designer's stated intention.
Understanding that passenger, in all their variety, is the next task.

11
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CHAPTER o3

The passenger: needs, resources
and expectations

Passengers arrive with different resources, abilities and expecta-
tions. A frequent traveller with a charged phone and cabin baggage
experiences the same terminal differently from a first-time flyer
accompanying an older relative. A credible design brief must ac-
count for both without treating either as an exception.

The Indian passenger is not a single demographic type. Research
should distinguish the purpose of travel, familiarity with flying,
language, disability, family composition, baggage and access to
digital services. These characteristics provide a more useful design
basis than assumptions about age, income or nationality alone.

From Functional to Experiential: The Shifting
Demands

Historically, air travel in India was an exclusive luxury, primarily
reserved for business elites or those with urgent inter-city needs.
Airports were functional gateways, and passenger expectations re-
volved around basic connectivity and timely departures. The grow-
ing middle class and the proliferation of low-cost carriers (L.CCs)
in the 21st century have democratized air travel, transforming it
from an exclusive mode of transport into an increasingly common
one. This shift has fundamentally altered passenger demands:

Value and affordability: passengers weigh fares, ground ac-
cess, food, baggage and time together. Some will buy premium
services; others need affordable essentials and a straightforward
route to the gate. Commercial planning should serve this range
without making basic comfort conditional on spending.

12
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CFCPD / CIVIC ATLAS 05

Design for circumstances

The same passenger can need several forms of support.

Unfamiliar with flying — Visible help and a legible
sequence
Limited time or budget — Affordable access and

predictable transfer

Family or assistance needs — Step-free routes, space and
nearby toilets

Waiting, working or resting —> Free seating, water and quiet

® 060 006

No phone or digital — Staffed and non-digital
confidence alternatives

Conceptual illustration and schematic; not a site design

Figure 5. Start with passengers’ circumstances and translate them into spatial,
service and information requirements. Digital access is not a prerequisite for es-
sential service.

Family and accompanied travel: groups may need adjacent
seats, space for baggage, children's facilities and assistance for
older members. Landside planning must also accommodate fare-
well and welcome without obstructing circulation. These needs
should be measured locally rather than attributed to every Indian
traveller.

13
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Digital access: mobile check-in, payment and journey infor-
mation can reduce friction. They do not remove the need for
staffed help, readable signs and an equivalent route for people
who cannot or choose not to use biometric or smartphone services.
DigiYatra is one example of a digital passenger service, not a justi-
fication for making digital participation compulsory.

Health and hygiene: reliable cleaning, ventilation, drinking
water and accessible toilets are continuing requirements. Screen-
ing measures should follow applicable public-health guidance and
a proportionate assessment of risk rather than remain permanent
simply because they were introduced during a crisis.

Retail and food: preferences differ across routes, income
groups and travel purposes. Research should test price perception,
dietary needs, seating and actual purchasing behaviour. Lounge
use or spending patterns from a selected survey should not be pre-
sented as representative of every passenger.

The four situations in Figure 6 translate this diversity into a
testable brief. They deliberately omit population shares: a persona
is a design question, not a substitute for passenger research. Each
should be tested with different budgets, languages, abilities and
baggage needs.

14
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CFCPD / CIVIC ATLAS 06
Four journeys, one public promise

Purpose of travel and digital comfort are separate questions.

A persona tests a
design. It does not
define a person.

Age, disability and budget can
affect any journey.

WORK / BUSINESS

Work trip + guidance Work trip + self-service
Clear sequence; visible Predictable route; charging;
help; reliable transfer. staffed recovery.

MORE HUMAN GUIDANCE MORE DIGITAL COMFORT
Personal trip + guidance Personal trip + digital
Group seating; space for Optional discovery; clear
bags; affordable essentials. gate time; choice to

disconnect.

PERSONAL / LEISURE

A flat battery, disruption or a new language can change the support
required. Keep essentials available to all.

lllustrative situations; not a survey or market-share forecast
Figure 6. Four illustrative passenger situations connect travel purpose with pre-

ferred support. These are overlapping design scenarios, not demographic catego-
ries or measured market segments.
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The Indian Passenger in 2030: A Forward Gaze

A passenger brief for 2030 should test several plausible demand
and service scenarios. National traffic ambitions provide context,
but they are not a local terminal forecast. Airline journeys, airport
passenger movements and unique travellers are different
measures and must not be combined in one growth series.

Regional connectivity can bring more first-time and infrequent
flyers into the network. The design response is clear multilingual
information, affordable access and assistance that does not require
advance digital knowledge. Route awards should be distinguished
from services that continue to operate reliably over time.

Younger passengers may use digital services extensively, but age
does not establish a person's preferences or ability. Test designs
with a diverse passenger sample, including those who have limited
connectivity, limited literacy or disabilities that are not immedi-
ately visible.

International growth increases the importance of clear immigra-
tion processes and dependable domestic-to-international trans-
fers. The airport must coordinate with airlines and border
agencies; a shorter walking route cannot compensate for incom-
patible processing rules or insufficient staff.

Growing Sustainability-Minded Travellers: A significant
and growing segment of passengers, especially the younger gener-
ation, will be increasingly conscious of their environmental foot-
print. Airports demonstrating genuine commitment to
sustainability (e.g., net-zero operations, waste reduction, green
energy, water efficiency, embodied carbon reduction) will resonate
more deeply with these travellers.

Demand for "Phygital" Journeys: While digital adoption is
accelerating, a significant portion of Indian travellers still prefer a
blend of online convenience with offline guidance. This "phygital"
approach means integrating advanced digital tools with personal-
ised human assistance, acknowledging that for many, especially
those new to air travel, human interaction provides comfort and
assurance.

Wellness and Personalised Experiences: As travel be-
comes more frequent, the desire for comfort, wellness, and a sense
of 'homeliness' within the often impersonal airport environment
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will increase. This translates to a demand for diverse food and
beverage (F&B) options (including healthier and regional choices),
quiet zones, prayer rooms, comfortable seating, and opportunities
for relaxation. Automated, artificial intelligence (AI)-powered sys-
tems will facilitate personalised alerts, guidance, and service deliv-
ery, from baggage tracking to in-lounge ordering.

Designing for the Evolving Persona: Implications
for Airport Design

To cater effectively to this multifaceted and evolving Indian pas-
senger persona by 2030, airport design in India must integrate
several key considerations:

Intuitive multilingual wayfinding: provide a consistent
sign hierarchy, visible destinations, readable contrast and staffed
assistance. Digital navigation can supplement this system, but
should never be the only way to find a gate or essential service.

Flexible & Adaptable Spaces: Terminals must be designed
with inherent flexibility to comfortably accommodate varying
crowd densities, large social gatherings, and the rapid integration
of new technologies. Modular and adaptable layouts will be crucial
for future-proofing.

Optional digital assistance: use predictive flow manage-
ment and timely passenger information where they solve a defined
problem. Personalisation requires a lawful purpose, proportionate
data collection and a usable alternative. More identity checks do
not necessarily produce a better journey.

Community-Centric Landside Design: Robust and well-
organized public access areas that comfortably accommodate large
gathering groups, with clear, efficient drop-off/pick-up points,
ample smart parking, and seamless connectivity to multi-modal
transport hubs (metro, buses, EV taxis) will be critical.

Culturally Responsive Amenities & Retail: F&B offerings
that cater to diverse regional Indian palates and dietary prefer-
ences, retail spaces that showcase local crafts and brands along-
side international ones, and dedicated family zones or quiet areas
are vital. The integration of local art and design, as discussed in
the previous chapter, will enhance cultural resonance.

Climate-responsive comfort: use daylight, shade and plant-
ing where they improve thermal and visual conditions. Test glare,

17
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maintenance, water use and access before describing a feature as
sustainable. Passenger benefit must be demonstrated in use.

Focus on Seamless Transitions: As both domestic and in-
ternational traffic grows, the design must facilitate exceptionally
smooth and efficient transfer processes, particularly for the large
volume of domestic passengers connecting to international flights.

The passenger brief should remain open to correction after the
airport opens. Observe missed turns, assistance delays, inaccessi-
ble services and the total cost of the journey, then change what
fails. Cultural identity becomes meaningful when it helps people
use the building with confidence.

18
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CHAPTER o4

Regional identity in terminal
architecture

Cultural identity is strongest when it shapes the building's ordi-
nary use. Shade, seating, material choices, language and the rela-
tionship between public and secure space can convey a sense of
place more effectively than an applied motif.

Plate 4. Mumbai Terminal 2 departures hall. Structure, light and signs contribute
to the passenger environment; the photograph illustrates their spatial relation-
ship, not a measured performance claim. Photo: A.Savin, Wikipedia; Free Art Li-
cense 1.3.

This chapter translates local design thinking into architectural
choices. Each choice should satisfy an operational requirement as
well as a cultural intention. Heritage is a source of knowledge and
interpretation, not a catalogue to be copied without regard to cli-
mate, maintenance or the diversity of the region.

Beyond Ornamentation: The Philosophy of Deep
Cultural Integration

True cultural integration in airport design goes far beyond the
placement of a few traditional artworks or the application of a lo-
cal motif on a wall. It requires a fundamental shift in design think-
ing, where cultural elements inform the very spatial planning,
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material selection, light and shadow play, and overall sensory ex-
perience of the terminal. This philosophy rests on several key ten-
ets:

Authenticity requires research and collaboration. Designers
should understand the construction, geometry and social use of a
source before adapting it. Contemporary interpretation is often
more useful than literal imitation, especially where the original
form cannot meet an airport's operational requirements.

Regional Specificity within a National Identity: India's
strength lies in its diversity. An airport in Rajasthan should evoke
its desert palaces and vibrant colors, while one in Kerala might re-
flect its backwater architecture and lush greenery. The challenge is
to achieve this regional specificity while maintaining a cohesive
national narrative that proudly proclaims, "This is India."

Integration, Not Juxtaposition: Cultural elements should
not feel 'stuck on' but organically integrated into the modern de-
sign. This could mean a roof structure inspired by a traditional
stepwell, a facade pattern drawn from ancient textiles, or a lighting
scheme that mimics the progression of daylight in Indian court-
yards.

Sensory Engagement: Design should engage all senses. This
includes the visual grandeur, the tactile quality of natural materi-
als, the acoustic properties that might soften noise or allow for cer-
tain sounds, and even subtle olfactory cues (e.g., through
integrated landscaping).

Sustainability through Traditional Wisdom: Many tradi-
tional Indian architectural practices are inherently sustainable, re-
sponding to local climate and utilizing local resources. Integrating
principles like passive cooling, natural ventilation, rainwater har-
vesting (e.g., stepwell-inspired designs), and sun-shading can con-
tribute to both cultural resonance and environmental
performance.

Weaving India's Tapestry: Architectural Elements
and Regional Inspirations

India's vast geographical and cultural diversity offers an unparal-
leled palette for architectural inspiration. Each region presents a
unique opportunity to define a distinct airport identity.

20



CFCPD MANIFESTO FOR AIRPORTS

North India (e.g., Uttar Pradesh, Rajasthan, Punjab)

Inspiration: Mughal architecture (arches, domes, intricate
jaalis/screens, minarets), Rajput palaces (courtyards, jharokhas,
vibrant frescoes), Sikh gurudwaras (domed structures, gold leaf,
intricate carvings), Buddhist stupas.

Elements: Use of red sandstone, white marble, intricate inlay
work (Pietra Dura), geometric patterns, water features (reflecting
traditional charbagh gardens), grand entrances, and intricate lat-
ticework for natural light and ventilation.

Example:Maharishi Valmiki International Airport, Ayodhya,
stands as a pioneering example. Its Nagara-style architecture, col-
umns symbolizing the 'Kandas' (sections) of the Ramayana, and
'"Toran Dwars' (ornate gateways) are deeply embedded in the de-
sign, creating an immersive cultural experience from the moment
of arrival.

West India (e.g., Maharashtra, Gujarat, Goa)

Inspiration: Maratha fort architecture (strong, defensive forms),
Gujarati traditional havelis (intricate wooden carvings, courtyard
houses), Indo-Portuguese architecture (colonial influences, vi-
brant colors, tiled roofs), rock-cut caves.

Elements: Use of local basalt, laterite stone, jali screens (often
wooden or carved), vibrant textiles as design motifs, and a blend of
robust and intricate detailing.

Mumbai Terminal 2 illustrates how a large art programme can
be integrated with circulation and structural expression. The wider
lesson is the value of collaboration among architects, curators and
local makers. A programme must also provide attribution, conser-
vation and maintenance throughout its life.

South India (e.g., Karnataka, Kerala, Tamil Nadu,
Andhra Pradesh)

Inspiration: Dravidian temple architecture (gopurams, intricate
carvings, stepped pyramids), traditional Kerala architecture (slop-
ing tiled roofs, wooden elements, open courtyards), Vijayanagara
empire structures.
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Elements: Extensive use of local granite, laterite, sustainable
timber, terraced gardens, water bodies, and motifs from tradition-
al textile and dance forms.

Example:Kempegowda International Airport (BLR) T2 in Ben-
galuru, dubbed the "Terminal in a Garden," embodies biophilic
design with a strong regional flavor. Its use of terracotta bricks,
hanging gardens, and connection to nature reflects Bengaluru's
'Garden City' ethos and the region's lush landscapes. Tiruchirap-
palli International Airport draws inspiration from the vibrant Ko-
lam art and the iconic Srirangam Temple's colors and patterns,
celebrating a deep cultural root.

East & Northeast India (e.g., West Bengal, Odisha,
Assam)

Inspiration: Kalinga architecture (temple forms of Odisha), ter-
racotta temples of Bengal, bamboo and indigenous tribal art forms
of the Northeast, natural landscapes (tea gardens, forests).

Elements: Emphasis on natural light, bamboo structures, local
timber, terracotta panels, water features, and design elements in-
spired by local crafts, textiles, and natural flora and fauna.

Example: Future developments in these regions could draw in-
spiration from the intricate carvings of Konark, the elegant forms
of Manipuri dance, or the sustainable bamboo craftsmanship
prevalent in the Northeast, integrating them into modern terminal
forms. Netaji Subhas Chandra Bose International Airport, Kolkata,
with its focus on light and open spaces, provides a foundation up-
on which more regional cultural elements could be integrated in
future expansions.

Fusing Modernity with Tradition: Case Studies and
Future Directions

The challenge is to avoid pastiche and create a harmonious fusion
where cutting-edge aviation technology coexists seamlessly with
timeless cultural expression.

A greenfield terminal offers an opportunity to combine efficient
processing with a regionally rooted welcome. Noida's published
design intent is one example of this ambition. The architectural
proposition should be assessed separately from operating out-
comes, which require evidence after commissioning.
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Modern Interpretations: The cultural reflections in NIA's
design are not direct imitations but modern interpretations of the
rich culture and architecture of Uttar Pradesh. For instance, its
terminal form draws inspiration from the traditional Chaitya Arch
and the iconic stepped Ghats of Varanasi and Haridwar. This en-
sures a design that is deeply rooted yet forward-looking, serving as
a subtle "ode to the past" rather than an exact replica.

Passenger-Centric Biophilia: Crucially, NIA aims to be a
building where the ordinary passenger from Uttar Pradesh shall
not feel out of place, yet simultaneously be enveloped in the lap of
a biophilic environment that is distinctively modern architecture.
This focus on comfort and familiarity for the local populace, even
within a high-tech setting, is key to its "Nation First" approach.
The design incorporates an internal landscaped courtyard deep
within the terminal plan, delivering ventilation, natural daylight,
and a calming, nature-infused experience, aligning with the bi-
ophilic principles of Bengaluru T2.

Thoughtful Spaces for Interaction: Beyond the architec-
tural form, NIA emphasizes the creation of thoughtful spaces
carved inside the plan where cultures can interact. This speaks to
the Indian social custom of communal gatherings at airports,
providing generous landside forecourts that act as meeting points
for families and friends.

Digital Screens as Cultural Layering: Recognizing the
power of modern media, digital screens provide a potent medium
to impart cultural layers in the terminal. These aren't just for flight
information; they can display dynamic cultural content, art, his-
torical narratives, or regional performances, enriching the passen-
ger's experience and offering a constantly evolving cultural
dialogue. This smart integration leverages technology to deepen
cultural immersion.

The "Sensory Journey'": Beyond visual elements, airports
can use indigenous design to create a unique sensory journey. This
includes acoustic design that mitigates noise while subtly intro-
ducing ambient sounds reflective of India, the incorporation of lo-
cal flora in internal landscaping for fragrance and visual appeal,
and even the tactile quality of surfaces.

Public Art and Craft Integration: Curating large-scale pub-
lic art installations by Indian artists, showcasing traditional crafts
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(e.g., Madhubani paintings, Warli art, Bidriware, stone carving)
within the terminal, or even having designated spaces for live craft
demonstrations, can enrich the passenger experience and support
local artisan communities. CSMIA T2's 'Jaya He' art programme is
a global benchmark in this regard.

Landscape Architecture as Cultural Extension: The
spaces around the terminal, including approach roads, forecourts,
and internal courtyards, can be designed as extensions of regional
landscapes — whether it's a desert garden, a tropical oasis, or a vi-
brant flower arrangement inspired by local festivals. BLR T2's
"Terminal in a Garden" exemplifies this beautifully.

A culturally grounded terminal should remain intelligible to
people who know nothing of the references behind it. Good light,
clear routes and comfortable public space make that possible. The
same attention to ordinary use must inform the commercial envi-
ronment through which passengers move.
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CHAPTER 05

Retail and the passenger
experience

Airport commerce is not a secondary layer applied after passenger
processing has been planned. It is one of the mechanisms through
which an airport pays for service quality, renews infrastructure
and reduces excessive dependence on aeronautical charges. Yet
commercial success cannot be achieved by forcing passengers
through longer retail corridors or by treating dwell time as captive
demand.

The commercially successful airport creates voluntary en-
gagement; it does not merely extract spending from a captive
passenger.

The financial role of passenger commerce

Aeronautical income is frequently regulated and closely linked to
traffic. Non-aeronautical income provides greater flexibility, but
only when the commercial offer is relevant, fairly priced and oper-
ationally integrated. Retail, food and beverage, lounges, advertis-
ing, parking, hospitality, digital services and landside destinations
can strengthen financial resilience. Their purpose is not to replace
the airport’s transport function, but to help fund it.

The relevant measure is therefore not simply revenue per pas-
senger. A mature commercial strategy examines conversion, dwell,
repeat use, unit productivity, price perception, passenger satisfac-
tion, lease sustainability and the extent to which commercial in-
come supports lower lifecycle burden elsewhere in the airport.
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CFCPD / CIVIC ATLAS 07

Distribute everyday comfort

Essential amenities should be part of the ordinary journey.

CONCENTRATED DISTRIBUTED

0000 [ J [ J [ J [ J
Few places to pause; longer Rest, water and help along the
diversions. route.

Conceptual comparison; dots mark essential amenities

Figure 7. A conceptual concourse comparison: distribute essential comfort along
a direct route while retaining genuine choice over paid services. Neither plan rep-
resents an actual airport.

The Indian passenger as consumer

Indian passengers cannot be reduced to “price-sensitive” travel-
lers. They are value-seeking and highly segmented. Some prioritise
convenience and familiar brands. Others seek regional food, gift-
ing, premium beauty, electronics, lounge access or a place where a
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family can sit together. First-time flyers require clarity and reas-
surance. Frequent flyers reward speed, reliability and digital con-
venience. International transfer passengers respond to
assortment, authenticity and frictionless movement.

Family travel also changes commercial behaviour. Spending de-
cisions are often shared. Seating, baggage, children, elders and di-
etary preferences influence whether a group enters a commercial
zone. The airport must therefore design for collective comfort ra-
ther than assuming an individual shopper moving alone.

From retail corridor to experience system

The traditional model—an undifferentiated sequence of shop-
fronts—underperforms when it ignores passenger anxiety and
movement. Commercial areas should be planned as a sequence of
decompression, orientation, discovery, rest and gate access. Flight
information, visible routes to gates, seating, charging and toilets
are not competitors to retail; they are the conditions that allow
passengers to relax enough to engage.

The most effective commercial plans normally combine a walk-
through orientation zone after security, one or more destination
plazas, clearly themed clusters and smaller offers close to gates.
The exact mix must follow passenger profile and dwell rather than
copying the geometry of a larger hub.

The spatial typologies in Figure 8 make those choices explicit. A
street, plaza, themed cluster and gate-side node offer different re-
lationships between movement and stopping. Their value depends
on the journey they serve, including a clear route for the passenger
who chooses not to shop.
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08

Retail has several spatial forms

Select the mix through passenger needs, time and local demand.

01 Street

=l

@= @= o=

Continuous frontage; protect a
clear bypass.

03 Themed clusters

HE HE
i [ ]

Related offers; retain orientation
between groups.

02 Destination plaza

A place to dwell; keep gate routes
visible.

04 Gate-side nodes

Useful essentials close to waiting
passengers.

Conceptual typologies; no arrangement guarantees sales

Figure 8. Four retail typologies offer different relationships between circulation,
discovery and waiting. The sketches are not a prescribed mix or a ranking of

commercial performance.

Experience must do what e-commerce cannot

Airport retail competes with online convenience. Its advantage lies
in immediacy, discovery, travel relevance and experience. Live
craft, regional food, product trials, limited editions, personalisa-
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tion, cultural storytelling and deliver-to-gate services create rea-
sons to engage that cannot be reduced to shelf space.

Digital activation should reduce friction rather than require an-
other airport application. Offers can be delivered through existing
channels, QR interfaces, airline touchpoints or consent-based
messaging. Digital tools should help the passenger locate, reserve,
pay, collect or receive a product; they should not introduce anoth-
er compulsory identity layer.

The extra-time dividend

Faster processing creates an “extra-time dividend”. The benefit
should be shared. The passenger gains calm and choice; the air-
port gains an opportunity for voluntary engagement; operators
gain more predictable demand. The wrong response is to consume
the entire saving through longer compulsory circulation. The right
response is to provide a legible direct route to the gate while mak-
ing alternative experiences attractive.

The airport-as-lounge proposition extends essential comfort to
the ordinary concourse. Figure 9 shows the spatial distinction:
passengers can find water, help and somewhere to rest along their
route, while paid lounges and retail remain choices rather than
conditions of a dignified journey.
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CFCPD / CIVIC ATLAS 09
The airport as the lounge

Make ordinary waiting dignified without requiring a purchase.

CONCENTRATED COMFORT

Paid lounge

Comfort is concentrated in a paid room; the through-route offers few
places to regroup.

DISTRIBUTED COMFORT

v TN Y~ S - R

ENEN ; HNEE ; ENEE ; ENEE ;

Free seating, water (W), rest (R) and help (H) sit beside the route; shops
remain optional.

Schematic comparison; free amenities complement paid choice

Figure 9. A plan-based explanation of the airport as the lounge. Distributing free
amenities supports the ordinary passenger journey; commercial services retain
their own purpose.

The forecourt as a separate commercial and civic
market

Landside commerce should not be treated as a weaker version of
airside retail. It serves a different market: employees, meeters and
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greeters, local residents, hotel guests, business visitors and pas-
sengers before or after processing. Properly connected to public
transport and parking, the forecourt can support regional food,
culture, wellness, workspaces, events and practical travel services.

CFCPD / CIVIC ATLAS 10

A civic room before the terminal

Welcome and public life need a clear, secure approach.

Direct step-free route o Shade and rest

Keep movement legible. Usable without purchase.
Local enterprise o Managed threshold
Outside the clear route. Keep emergency access.

Conceptual illustration and schematic; not a site design
Figure 10. A civic forecourt combines public amenities with a direct accessible
approach, managed terminal entry and safeguarded emergency access. Geometry

and security arrangements require project-specific design.

The forecourt proposition must, however, satisfy five
tests: it must not obstruct terminal circulation; it must have a de-
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fined security perimeter; it must be accessible without premium
transport costs; it must be commercially viable without monopoly
pricing; and it must remain useful during flight disruption and off-
peak periods.

Commercial KPIs that matter

A CFCPD-aligned commercial dashboard should include revenue
per passenger, conversion rate, average transaction value, rent-to-
sales ratio, unit productivity, local-brand share, local procure-
ment, price-perception score, passenger dwell distribution, digital-
service adoption, commercial energy intensity and accessibility
compliance. These measures prevent a narrow revenue target from
obscuring affordability, resilience and public value.

Design principle

Compfort creates confidence; confidence creates engagement;
relevant engagement creates revenue; revenue sustains the
airport’s wider commitiments.

Commercial planning therefore sits directly inside the CFCPD
flywheel. Culture creates distinctiveness. Community access ex-
pands the user base. Planetary efficiency protects margins and
reputation. Digital systems reduce friction and improve evidence.
Finance converts these gains into sustained investment. The
measure of success is not the number of shops, but the quality and
durability of the value created.
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CHAPTER 06

The airport as a cultural
institution

An airport's public art can introduce a region to visitors and make
familiar places newly visible to residents. Its value depends on cu-
ration, access and long-term care. A collection beyond security
may enrich the passenger journey, but it is not a substitute for cul-
tural facilities that the wider community can enter.

The Airport as a Cultural Gateway: A Paradigm Shift

Historically, airport art was often an afterthought, disconnected
pieces meant to fill empty spaces. The paradigm is now shifting
towards a holistic approach where art and culture are deeply em-
bedded into the airport's design philosophy, becoming integral to
the passenger's journey. This transformation offers multiple bene-
fits:

Enhancing Passenger Experience & Well-being: Public
art and engaging cultural spaces can significantly reduce travel
stress, offer moments of contemplation, and provide a sense of de-
light and discovery. They transform monotonous waiting times in-
to opportunities for cultural enrichment.

Showcasing National & Regional Identity: Airports be-
come powerful visual narratives, introducing visitors to India's
vast heritage and celebrating its regional diversity from the mo-
ment they arrive. For returning citizens, these spaces evoke a
sense of belonging and national pride.

Driving Non-Aeronautical Revenue (Indirectly): While
not direct revenue generators like retail, well-curated cultural ex-
periences contribute to a positive overall airport impression,
which can indirectly encourage spending, increase positive word-
of-mouth, and enhance brand loyalty for the airport as a destina-
tion.

Community Engagement & Cultural Outreach: By mak-
ing art and heritage accessible in a high-traffic public space, air-
ports democratize culture, reaching a wider audience than
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traditional museums. They can also involve local artists and arti-
sans, fostering community connection.

Creating Memorable & "Instagrammable" Moments:
Unique cultural installations and interactive exhibits offer compel-
ling photo opportunities, driving social media engagement and
free publicity for the airport and its cultural initiatives.

Public Art: Curated Narratives in Grand Scale

India's leading airports have already begun to embrace large-scale
public art, moving towards a more curated and thematic ap-
proach:

Chhatrapati Shivaji Maharaj International Airport
(CSMIA), Mumbai: "Jaya He" GVK New Museum

Mumbai Terminal 2's Jaya He collection illustrates the scale at
which cultural work can be integrated into an airport. Its relevance
here is the relationship between art, architecture and the passen-
ger route, rather than a claim to be the largest or best.

The collection brings traditional and contemporary work into
the terminal's circulation spaces. For another airport, the useful
questions are where passengers can pause, how works are inter-
preted and how conservation responsibilities are funded.

The collection is incredibly diverse, encompassing tribal art, tex-
tile traditions, ancient sculptures, and modern works, reflecting
India's varied artistic heritage.

The design integrates these pieces into the very architecture,
creating a seamless narrative that passengers literally walk
through. An accompanying audio guide app enhances the immer-
sive experience, providing fascinating tales behind the artifacts.

This initiative positions Mumbai Airport not just as a transport
hub but as a significant cultural institution, an "Artbeat of New
India."

Indira Gandhi International Airport (IGIA), Delhi:
Iconic Sculptures & Thematic Displays

Delhi Terminal 3's sculptural hand-gesture installation shows how
a recognisable cultural reference can become a memorable point
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of orientation. Such landmarks work best when they complement,
rather than compete with, the information passengers need.

Other works include the bronze "Statue of the Sun God" and the
"Surya Namaskar Statue," reflecting themes of universal spirituali-
ty and wellness, strategically placed to greet international and do-
mestic passengers. Artists like Paresh Maity and Gita Hudson
contribute to a rich tapestry of Indian narratives, exploring themes
from ancient murals to modern interpretations of mythological
figures.

Kempegowda International Airport (BLR) T2,
Bengaluru: An Ode to Human Emotions and
Karnataka's Heritage

Bengaluru Terminal 2 connects an art programme with its garden
concept. The relevant design question is how art, planting and
daylight together affect the experience of movement and waiting.

Interactive works can invite participation, but must not create
obstruction or require passengers to engage. The direct route and
a place to pause should remain equally legible.

The use of copper sculptures, Bidri art installations (by M.A.
Rauf), and wood puppets (by Anupama Hoskere) pays tribute to
Karnataka's rich cultural heritage.

Digital art allows collections and interpretations to change, pro-
vided content management, accessibility and maintenance are
funded. Cultural screens should be clearly distinguished from es-
sential journey information.

Regional Airports: Smaller airports are also making strides.
Tiruchirappalli International Airport's design draws from Kolam
art and Srirangam Temple colors, while Surat International Air-
port reflects traditional Gujarati woodwork, and Kolhapur Airport
incorporates local folk culture and art reminiscent of the Mahara-
ja's Palace. Maharishi Valmiki International Airport, Ayodhya,
with its Nagara-style architecture and Ramayana-inspired col-
umns and Toran Dwars, aims to create an immersive cultural ex-
perience from the moment of arrival, setting a new benchmark for
culturally rooted airport design.
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Museums and Heritage Spaces: Beyond the Gallery
Walls

The concept of integrating formal museum or heritage exhibition
spaces within airports is gaining traction, providing deeper cultur-
al engagement for passengers with longer dwell times.

Partnerships between airports and museums can extend cultur-
al interpretation beyond permanent installations. Their value de-
pends on curatorial independence, suitable display conditions and
meaningful access for the intended audience.

This collaboration aims to offer passengers an immersive expe-
rience of South Asian art and heritage through multiple technolog-
ical experiences.

Digital collections can support different languages and levels of
attention. A short encounter should be worthwhile without requir-
ing an application download or personal data.

Rotating exhibitions can introduce regional and contemporary
artists whose work is less familiar to travellers. Selection and
commissioning should be transparent and pay creators fairly.

This initiative democratizes access to museum-quality art,
transforming the airport into a "vibrant hub of discovery and en-
gagement" for travellers.

Global Examples

An airport museum can connect a terminal to local archaeological
or cultural history. Such a facility needs professional collections
management and should not be justified merely by the novelty of
its location.

Amsterdam Schiphol Airport (Netherlands): Was the
first airport to open a branch of a national museum, with a gallery
from the Rijksmuseum showcasing Dutch Masters. It also features
a library.

Seoul Incheon International Airport (South Korea):
Features Korean Traditional Cultural Centres with exhibits, live
performances (music and dance), and craft workshops, providing
a comprehensive cultural immersion.

These examples underscore the idea that cultural institutions no
longer need to be confined to traditional buildings but can seam-
lessly integrate into public spaces where people gather.
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Designing for Cultural Immersion and Return Visits

To truly establish an airport as a cultural hub, the integration of
art and heritage must be strategic and holistic:

Curate with Intention: Develop a cohesive curation strategy
from the outset, ensuring art and heritage elements tell a harmo-
nious story that reflects the airport's identity and its region.

Interactive and Play-Driven Art: Incorporate interactive
digital installations and physical artworks that encourage passen-
ger engagement, particularly children. This turns passive viewing
into active participation.

Digital Layering: Leverage large digital screens (as proposed
for forecourts) to provide dynamic content, expand on artwork
narratives, showcase virtual museum tours, or stream cultural per-
formances. QR codes linked to audio guides or artist information
can enhance the experience.

Cultural Programming: Beyond permanent installations,
host temporary exhibitions, cultural festivals, traditional craft
markets, or live performances in dedicated performance zones.

Sustainability and Local Craftsmanship: Prioritise art and
architectural elements that utilize sustainable, locally sourced ma-
terials and support local artisan communities. This reinforces au-
thenticity and benefits the local economy.

Seamless Integration with Commercial Offerings: Posi-
tion small, curated retail outlets selling local crafts, books, and re-
gional delicacies near art installations or museum spaces, allowing
passengers to take a piece of the cultural experience home.

Create "Sense of Place" Narratives: Utilize art and design
to guide passengers through a journey that tells a story about the
region — its history, geography, festivals, or iconic figures — mak-
ing the airport a memorable introduction or farewell.

A cultural programme should be planned and funded as a con-
tinuing public commitment. Its success is visible in access, inter-
pretation, local participation and the condition of the work over
time. These obligations bring the argument to Finance: who pays
for quality, and how is it sustained?
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PART I1
Finance

Airports as Economic Engines

CHAPTER o7
India's aviation opportunity

India's aviation growth creates a choice about the infrastructure
the country wants to inherit. More capacity is necessary in many
places, but passenger totals alone cannot tell a government where
to invest or an airport when to expand. The central task is to turn
demand into dependable, affordable connectivity and durable
public value.

The Ministry of Civil Aviation's annual reports provide the na-
tional context for network development, traffic and policy. Their
figures must be read with their definitions intact. Airport passen-
ger movements count domestic passengers at both departure and
arrival airports; airline passenger journeys and unique people are
different measures. Forecasts should name their base year, scenar-
io and unit before they enter a business case. [1]

Demand must become a service proposition

India's population, urbanisation, business links, tourism and geo-
graphically dispersed communities create a substantial opportuni-
ty for aviation. That opportunity is uneven. A large population
within a radius does not establish the number of people who can
afford a particular fare, reach the airport at the required time or
find a useful schedule.
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CFCPD / CIVIC ATLAS 11

The airport is a civic system

Policy, airline capability and urban access are interdependent.

POLICY AIRLINES CITY
Rights and public Fleet and viable Access, land and
purpose schedules jobs

Shared decisions about capacity and service

I Y I
Culture Finance Community Planet Digital

Conceptual illustration and schematic; not a site design

Figure 11. The airport depends on coordinated decisions beyond its boundary.
CFCPD tests whether those decisions create durable public value for passengers,
the city and the nation.

Airport planning must therefore start with catchments defined
by journey time and cost. It should distinguish business travel, vis-
iting friends and relatives, tourism, migrant travel and time-
sensitive freight. These markets have different seasonal patterns,
willingness to pay and needs for onward connections. National op-
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timism must be translated into a route-by-route proposition that
airlines can operate.

Fleet orders indicate airline ambition, but deliveries, financing,
crew availability, maintenance and commercial decisions deter-
mine the capacity actually deployed. An airport should test delay
and low-growth scenarios as seriously as the central forecast. Land
and interfaces can be safeguarded ahead of demand without con-
structing every future facility at once.

The enabling policy system

Regional connectivity programmes address a real prob-
lem: some socially useful routes may not initially be commercially
self-supporting. Their success should be judged by reliable ser-
vices, usable fares and continuing access, not only by routes
awarded or facilities inaugurated. A public-service objective
should have transparent funding, an accountable delivery body
and a review date.

International access, airport charges, taxation, aircraft leasing,
competition and border processes also shape the market. These
are connected but distinct policy instruments. An airport conces-
sion cannot create traffic rights, and a traffic-rights agreement
cannot supply aircraft, slots or passengers. The later chapters on
ownership and bilateral policy examine how these decisions
should be coordinated.

Workforce capability is equally important. Pilots, controllers,
engineers, rescue crews, security staff and service teams require
training systems that expand with the network. Skills, housing and
reliable staff transport belong in the development plan; they can-
not be treated as operating details to be solved after opening.

Regional development without automatic promises

A regional airport can improve access to tourism, education,
healthcare and business markets. It may support time-sensitive
production and attract investment where service frequency and
surface access are reliable. These benefits are possibilities to estab-
lish, not automatic consequences of acquiring land.

The local economic case should identify which firms and com-
munities benefit, what complementary infrastructure they need
and whether the public investment displaces a more useful alter-
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native. Growth in nearby property prices is not equivalent to in-
clusive development. It may increase wealth for landowners while
making housing less affordable for workers or disrupting existing
livelihoods.

Land-use authorities should coordinate transport, utilities,
drainage, noise compatibility and employment areas before specu-
lative development fixes an unsuitable pattern around the airport.
Development gains should support local services and access.
Compensation, resettlement and grievance arrangements must be
treated as substantive obligations rather than project delays.

Airport-related commercial development can include logistics,
maintenance, hotels, offices and visitor services. Each use needs
its own market evidence. A small airport does not become an aero-
tropolis by adding a commercial land parcel to its masterplan, and
not every regional economy needs the same mix of facilities.

The investment test

For every proposed expansion, the board and public authority
should ask whether it improves useful connectivity; whether its
full lifecycle cost is supportable; whether passengers and workers
can reach it affordably; and whether environmental and social ob-
ligations are funded. These questions connect the five CFCPD pil-
lars to a single investment decision.

The opportunity is substantial, but scale should sharpen disci-
pline. India can learn from different international governance
models without assuming that one ownership structure, terminal
form or airport-city model works everywhere. The next chapter
considers those choices.
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CHAPTER 08

Learning from the global airport
system

Ownership, finance and public accountability are organised differ-
ently across the world's airports. India can learn from these ar-
rangements without importing a complete model. The useful
comparison is which responsibilities each arrangement assigns,
which risks it transfers and what the public receives in return.

Defining the Airport Ecosystem

An "airport ecosystem" encompasses not only the core aeronauti-
cal infrastructure (runways, air traffic control, terminals) but also
the vast array of non-aeronautical activities and developments
surrounding it. This includes:

« Commercial Zones: Retail, F&B, duty-free, hotels, conven-
tion centres.

» Logistics & Industrial Parks: Cargo facilities, warehouses,
maintenance, repair and overhaul (MRO) (Maintenance, Re-
pair, and Overhaul) units, manufacturing.

« Real Estate Development: Offices, mixed-use commercial
and residential properties.

+ Ground Transportation: Road networks, public transport
(metro, rail, bus), parking.

 Ancillary Services: Flight training academies, aviation-
related businesses.

« Community Integration: Parks, public spaces, local em-

ployment.
Diverse Models: USA, Europe, and China

Each region has developed a unique airport ecosystem model
shaped by its history, regulatory environment, funding mecha-
nisms, and geographical characteristics.

The American Model: Decentralized & Market-
Driven Hubs

The US airport ecosystem is characterized by its highly decentral-
ized and fragmented ownership and management.
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Ownership & Governance: Most major airports are owned by
local or state governmental entities (e.g., cities, counties, or airport
authorities) and often operated by public agencies. While private
companies may operate specific concessions (retail, F&B) or pro-
vide services, the underlying infrastructure often remains public.
This leads to a diverse range of management approaches, with
varying degrees of commercial focus.

Funding can combine airport revenue, municipal bonds, passen-

ger charges and federal grants. The balance varies by project and
jurisdiction. The key lesson is that public ownership can coexist
with commercial discipline and substantial capital investment.

+ Network & Connectivity: Dominated by a hub-and-spoke
network driven by major US airlines. This fosters strong domes-
tic connectivity but can lead to congestion at large hubs.

Airport-related development in the United States includes logis-
tics, industry, hotels and offices, often across several local jurisdic-
tions. Coordination of land use and access is therefore as
important as the airport operator's own masterplan.

« Multimodal Integration: Traditionally heavily reliant on
road transport (private vehicles, taxis, ride-shares). Metro/rail
connectivity to airports exists in major cities (e.g., Chicago
O'Hare, JFK AirTrain, Washington Dulles Metro), but it's not as
universally integrated as in Europe or China.

« Cargo: US airports are major global cargo hubs, with signifi-
cant dedicated freight infrastructure, reflecting its role in global
supply chains.

The European Model: Corporatized, Multimodal &
Highly Regulated

Europe's airport ecosystem is diverse but generally leans towards
corporatized, often state-owned or partially privatized, entities
with a strong emphasis on multimodal integration.

Ownership & Governance: Characterized by a mix of state-
owned enterprises (often operating as corporatized, independent
entities), municipally owned airports, and increasingly, fully or
partially privatized airports. Many European airports are managed
by large airport groups (e.g., Groupe ADP, Fraport, Aena) that op-
erate multiple airports across various countries.

« Funding: A mix of government investment, private capital (es-

pecially through privatization/concessions), and commercial
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revenues. Competition between airports for airlines and passen-
gers is intense, driving investment in services and infrastruc-
ture.

+ Network & Connectivity: Features strong hub-and-spoke
networks (e.g., Frankfurt, Amsterdam, London Heathrow) but
also a significant point-to-point network driven by low-cost car-
riers.

+ Landside Development (Aerotropolis): Varying degrees of
aerotropolis development. Many airports have well-developed
commercial zones, convention centres, and logistics parks.
Some aim to be "Airport Cities" leveraging existing urban densi-
ty.

Multimodal Integration: A defining characteristic is the strong
integration with national and regional rail networks, including
high-speed rail (e.g., Frankfurt Airport's Fernbahnhof, Amsterdam

Schiphol, Paris Charles de Gaulle). This allows passengers to con-

nect seamlessly between air and rail, extending the airport's
catchment area significantly.

« Regulation: Often operates within a more unified regulatory
environment (EU directives) concerning noise, environmental
impact, and competition. Environmental concerns (noise, CO2
emissions) are significant drivers of airport development plan-
ning.

The Chinese Model: State-Led, Rapid & Integrated

Megaprojects

China's airport ecosystem is defined by massive, centrally planned,

and rapidly executed infrastructure projects, often as integral

components of broader urban development strategies.

« Ownership & Governance: Predominantly state-owned and
centrally planned, with provincial and municipal governments
playing significant roles in development. There's a strong focus
on strategic national goals and rapid capacity expansion.

« Funding: Primarily government-funded, often with significant
state-owned enterprise investment. Foreign investment is al-
lowed but within a framework that aligns with national devel-
opment objectives.

China's large hub developments illustrate the benefits and risks of

creating capacity at metropolitan scale. Design capacity must be

distinguished from realised traffic, and expansion should be as-
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sessed alongside the rail network and the commercial plans of air-

lines.

« Landside Development (Aerotropolis): "Airport ecological
community" concepts are integral, focusing on "safe, green,
smart, and humanistic" development. Aerotropolis projects are
often planned concurrently with airport construction, integrat-
ing industrial parks, commercial centres, and residential zones
from the outset.

« Multimodal Integration: Highly advanced, with new mega-
airports typically featuring integrated ground transportation
hubs including high-speed rail (HSR), metro lines, and ex-
pressways directly beneath or adjacent to terminals. This is cru-
cial for connecting vast populations to the airports.

High-speed rail can replace some short-haul flights while feeding

longer-distance air services. The balance depends on door-to-door

time, fares, service frequency and transfer arrangements. A single
distance threshold or national percentage is not a reliable forecast
for an individual corridor.

« Cargo: Rapid growth in air cargo, supported by state invest-
ment in logistics infrastructure.

Lessons for India: Crafting a Nation-First Ecosystem

India, with its unique demographic dividend, rapid economic
growth, and federal structure, can synthesize the best practices
from these global models while adapting them to its specific con-
text.

Strategic Masterplanning for Integrated Aerotropolises
(China & Europe):

Lesson: Airports should not be isolated infrastructure projects
but integral components of regional economic development. Chi-
na's top-down, holistic planning of aerotropolises alongside new
airports (like Beijing Daxing, or projects in Zhengzhou) offers a
powerful template. Europe's integrated land-side commercial de-
velopments also provide valuable lessons.

Application for India: Accelerate planned "Aero-cities" around
new and existing major hubs (e.g., Delhi, Noida, Navi Mumbai).
Crucially, extend this thinking to Tier 2 city airports, where land is
more available and the economic impact can be transformative for
regional growth and urban rejuvenation. This goes beyond just air-
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related commerce to include hotels, mixed-use buildings, and
support industries.

Robust Multimodal Connectivity (Europe & China):

« Lesson: Seamless surface access is as critical as air connectivi-
ty. Europe's dense rail networks connecting directly to airports,
and China's integration of high-speed rail and metro, ensure
passengers can reach airports efficiently from wide catchment
areas.

Application for India: select surface access by catchment de-
mand, affordability and service reliability. High-capacity rail is
valuable where justified; frequent buses and coaches may provide
the strongest early service elsewhere. Preserve future rail interfac-
es without making passengers wait for a megaproject before they
receive usable public transport.

Harnessing Non-Aeronautical Revenue Potential Aggres-
sively (Global Best Practices):

« Lesson: As demonstrated by leading global airports (and In-
dia's own private airports), non-aeronautical revenue is the key
to financial self-sufficiency and reinvestment.

Application for India: Aggressively pursue diversification be-
yond traditional retail/F&B. Develop MRO hubs, logistics parks,
convention centres. Crucially, apply the "Rethinking Retail" strat-
egy: focus on experiential retail, leverage digital payments (UPI),
and tailor offerings to the distinct Indian passenger persona
(lounge-goers, family travellers). The vision for forecourts as 24/7
experiential destinations (cinemas, discos, gyms, cafes, cultural
hubs) would unlock significant new non-aero income streams by
attracting non-fliers and creating urban leisure options, albeit with
careful security planning.

Balancing Public and Private Sector Strengths (USA &
Europe):

Lesson: public and private organisations can each deliver good or
poor outcomes. Performance depends on capability, incentives,
transparency and enforceable obligations, not ownership alone.
Application for India: Continue and refine the successful PPP
model for large-scale airport development. For Airports Authority
of India (AAI)-managed airports, explore enhanced commercial
management models, potentially through strategic partnerships
for non-aero development, to boost their revenue share and opera-
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tional efficiency. Learn from US public airport authorities' experi-
ence in managing vast capital programmes.

Digital Transformation and Passenger-Centricity (Global
& India's Own Strengths):

« Lesson: Smart airports are efficient and revenue-generating
airports. The integration of technology for seamless operations
and enhanced passenger experience is universal.

Application for India: use digital systems to solve defined ser-
vice problems, with clear consent and accessible alternatives. Pre-
fer aggregate flow analysis over speculative attempts to infer
passenger emotions. Digital-twin investment should follow an op-
erational use case and a measurable business case.

Addressing Environmental and Social Concerns (Euro-
pean & Chinese Focus):

« Lesson: Sustainable airport development is no longer optional.
Noise, emissions, and land-use compatibility are critical consid-
erations for long-term viability and community acceptance.

Application for India: Prioritise net-zero goals, on-site renew-
able energy generation, and circular economy principles from the
design phase. Implement stringent environmental impact assess-
ments. Ensure community engagement is robust, especially in
land acquisition and local employment generation for new airport
projects, borrowing from Europe's experience in balancing devel-
opment with community needs.

The comparison points to a common requirement: air-
port investment must be coordinated with transport, land use and
accountable regulation. India should select arrangements that fit
its federal responsibilities and local markets. The next chapter ex-
amines the businesses that can support an airport beyond passen-
ger processing.
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CHAPTER o9

Cargo, maintenance and the
airport economy

Cargo, maintenance and energy services can broaden an airport's
economic role. They are different businesses with different cus-
tomers and risks. Cargo includes aeronautical as well as handling
and property-related income; hydrogen remains an emerging
proposition. None should be placed in a business plan merely to
make projected non-aeronautical revenue look larger.

Air Cargo: The Unsung Pillar of Economic
Connectivity

Air cargo is the backbone of global supply chains for high-value,
time-sensitive, and perishable goods. Its rapid growth in India un-
derscores its critical role in the nation's trade and economic devel-
opment.

Cargo opportunity should be established from commodity flows,
handling requirements and airline belly or freighter capacity. An-
nual airport throughput, terminal handling capacity and commer-
cial market revenue are different measures. A viable cargo plan
needs a defined hinterland and shippers willing to use the service,
not only a national growth projection.

Key Drivers of Growth:

E-commerce creates demand for reliable fulfilment, but not every
parcel needs air transport. The business case should identify the
time-sensitive segment and compare it with road and rail alterna-
tives.

« High-Value Exports: India's dominance in exporting phar-
maceuticals (a significant share of temperature-sensitive ship-
ments), textiles, and engineering goods fuels demand for
efficient air logistics.

Logistics policy and coordinated infrastructure planning can im-
prove cargo access, customs processes and supply-chain reliability.
Project economics should depend on the specific facilities and ap-
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provals available, rather than on a national cost-reduction ambi-
tion alone.

« Technological Adoption: Digital freight platforms, real-time
shipment tracking, AI-based route optimisation, and blockchain
integration are enhancing efficiency and transparency.

Infrastructure Needs and Financial Opportunity:

Dedicated cargo terminals: plan layouts around handling pro-
cesses, vehicle circulation, screening, customs and temperature
control. Phase equipment against committed demand and leave
room for expansion without interrupting the cold chain.

 Specialized Facilities: Development of temperature-
controlled "Coolport" facilities for perishables and pharmaceuti-
cals, as well as free trade warehousing zones (FTWZ) and Spe-
cial Economic Zones (SEZs) dedicated to air logistics.

« Multimodal Integration: Seamless connectivity between air
cargo terminals and road/rail networks is vital for efficient last-
mile delivery and transshipment.

« Decentralization: The UDAN scheme's expansion into Tier 2-
3 cities is fostering the development of regional cargo hubs, de-
centralizing operations from major cities and supporting agri-
cultural and manufacturing exports from these regions.

Airports may earn handling income, rent and service charges from
cargo activity, subject to their operating model and regulatory
classification. Appraisal should separate the airport's revenue
from the value of goods carried and include security, utility and
access costs.

MRO: India's Path to Self-Reliance and Regional
Leadership

Historically, Indian airlines have outsourced a significant portion
of their Maintenance, Repair, and Overhaul (MRO) work overseas,
incurring substantial foreign exchange costs. With India's rapidly
expanding fleet and ambitious growth plans, developing a robust
domestic MRO sector is a strategic economic imperative.

MRO demand follows the fleet, maintenance schedules, technical
approvals and airline contracting decisions. A hangar alone does
not establish a maintenance cluster. Skills, approved capability,
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parts availability and predictable turnaround time determine
whether work can move to an Indian facility.

+ Government Support and Policy Reforms: The Indian
government has actively promoted the MRO sector through key
policy initiatives:

Long-term land arrangements can support MRO investment
where lease duration, permissible use, access and handback obli-
gations match the operator's equipment and certification com-
mitments.

Tax and customs arrangements influence the competitiveness of
MRO. Investors must use the rules and notifications applicable to
the specific service, component and transaction at the time of
commitment; a general tax-rate summary is not a substitute for
that assessment.

Foreign investment and technical partnerships can expand capa-
bility, subject to the applicable investment policy, approvals and
aviation requirements.

Aircraft leasing and insolvency arrangements also affect confi-
dence in the wider aviation market. Airport and MRO business
cases should examine their contractual exposure without assum-
ing that legislative reform guarantees lower financing costs.

Economic Benefits and Strategic Advantages:

+ Foreign Exchange Savings: Performing MRO domestically
saves Indian airlines significant foreign exchange currently
spent on overseas maintenance.

« Job Creation: The MRO sector is highly skill-intensive, creat-
ing high-value jobs for Aircraft Maintenance Engineers (AMEs)
and technicians. India has a vast pool of skilled engineers, and
educational institutions are expanding to meet demand.

« Strategic Location: India's geographical position between
Europe, the Middle East, and Southeast Asia makes it an ideal
hub for MRO services for both domestic and international air-
lines.

« Localization and Supply Chain Resilience: Focus on lo-
calizing MRO services and strengthening domestic supply
chains reduces reliance on international vendors, enhancing op-
erational continuity and cost control.
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Financial Impact for Airports: Airports with dedicated MRO
hubs (e.g., Hyderabad, Bengaluru, Nagpur) generate revenue from
land leases, facility rentals, utility charges, and ancillary services
for MRO companies. They also benefit from increased cargo
movement for parts and components, and potential MRO-related
passenger traffic.

Hydrogen Supply Chain: Fueling the Future of
Green Aviation

Hydrogen creates a planning option, not a certain near-term reve-
nue stream. Airports can investigate potential users, energy supply
and safeguarded locations while avoiding premature investment in
facilities whose demand and technical requirements remain unset-
tled.

Hydrogen aircraft programmes are still developing. Commercial
entry depends on aircraft certification, industrial supply and infra-
structure readiness; a proposed manufacturer timeline is not a de-
pendable airport commissioning date. Readiness should therefore
be staged against verified milestones.

India’s green-hydrogen policy: the National Green Hydrogen
Mission, approved in 2023, sets an objective of at least five million
metric tonnes of annual green-hydrogen production capacity by
2030. This is a national objective, not a forecast of aviation fuel
demand or a guarantee of supply at any airport. [9]

Infrastructure Requirements and Financial Opportuni-

ties for Airports:

« On-site Production/Storage: Airports will need infrastruc-
ture for the safe production (if feasible, via electrolysis using re-
newable energy), storage (liquid hydrogen requiring cryogenic
facilities), and distribution of hydrogen.

+ Refueling Systems: Development of specialized ground sup-
port equipment and systems for rapid and safe hydrogen refuel-
ing of aircraft.

« Multi-Purpose Use: Airports could utilize hydrogen not just
for aircraft but also for fueling ground support vehicles, airport
buses, and potentially even their own energy needs (e.g., for
power generation via fuel cells), creating additional revenue
streams or cost savings.
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Industry airport-hydrogen studies are useful for identifying inter-
faces and research needs. Participation in such a study does not
establish that a production facility, fuelling system or commercial
aircraft service is committed.

Early investigation may protect useful options. Early construction
is justified only when a safety case, credible offtake, energy supply,
approvals and financing support it. The cost of waiting must be
compared with the risk of a stranded asset.

Challenges and Investment: The development of a full hydro-
gen ecosystem requires substantial investment across the value
chain — from production and liquefaction to transport and storage.
Regulations and safety protocols for hydrogen in airport environ-
ments are also evolving. However, India's national mission pro-
vides a strong policy framework and financial incentives to bridge
this gap.

Cargo and MRO can support an airport where customers, skills
and connections are present. Hydrogen calls for a more condition-
al investment pathway. Each proposition should earn its place
through its own cash flow, wider public benefit and risk assess-
ment.
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CHAPTER 10

Non-aeronautical income and
public value

Commercial income can help an airport finance service quality and
renewal, but there is no universal revenue ratio that defines suc-
cess. A higher non-aeronautical share is useful only if it reflects
durable income, fair prices and an appropriate allocation of risk.

Revenue diversity and the limits of a universal
target

Aeronautical charges and commercial revenues interact through
the applicable tariff framework and concession. Commercial activ-
ity can reduce pressure on user charges, but the pass-through de-
pends on regulation and contractual arrangements. The relevant
objective is sustainable whole-airport performance, not a ratio
achieved by suppressing one income line or expanding another at
any cost.

Benchmarking Indian Airports: Private vs. AAI

Comparisons must distinguish airport accounts from consolidated
group or network accounts. Traffic mix, duty-free eligibility, prop-
erty holdings, concession treatment and aeronautical service clas-
sification can all change the reported share.

Large metropolitan airports may support a broad commercial offer
because of their passenger volume, international traffic and sur-
rounding economy. Their performance cannot be transferred di-
rectly to a small regional airport. Compare like-for-like operating
scope and accounting periods before drawing conclusions about
ownership.

A regional or public-service airport may have a lower commercial
share and still deliver good value. Its appraisal should identify the
public-service obligation, any subsidy and the cost of meeting its
service commitments.

Passenger Profile and Throughput: Many AAI airports are in
Tier II and Tier III cities, serving a passenger profile with poten-
tially lower spending power or different consumption patterns
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compared to metro travellers. Lower international traffic at these
airports also limits high-yield duty-free opportunities.

« Commercial Focus: Traditionally, AAI's primary focus has
been on providing essential infrastructure and air traffic man-
agement, with a less aggressive commercial development strate-
gy compared to private operators.

« Infrastructure Scale and Diversification: Many smaller
AAT airports have limited terminal space for extensive retail or
F&B concessions, and their land banks may not be as readily
available or strategically located for large-scale aero-city devel-
opments.

A useful commercial benchmark records revenue per passenger,
margin, rental sustainability and passenger price perception
alongside the revenue mix. A target such as 50 per cent may be a
project ambition, but it is not a CFCPD pass condition or an indus-
try-wide requirement.

Growing commercial value without overpricing

Commercial plans should test downside demand, concessionaire
viability and affordability. Retail, property and parking revenues
may also decline during disruption; diversification does not make
them independent of the aviation and regional economies.

Achieving this without resorting to overpricing (which could de-
ter passengers and diminish the overall experience, especially for
value-conscious Indian travellers) requires a multi-pronged, so-
phisticated approach:

Revolutionized Retail & F&B Design (as previously dis-

cussed):

« Experiential Focus: Shift from transactional retail to immer-
sive, engaging experiences that offer unique discovery and
brand storytelling. This includes interactive displays, pop-up
stores, exclusive product lines, and seamless "phygital" integra-
tion.

Match the offer to the journey: provide convenient food, es-
sentials and relevant retail where passengers have time to use
them. Preserve a direct route and avoid layouts that impose un-
necessary walking simply to expose people to shops.
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Use transparent pricing and optional offers. Demand-based pric-
ing may be appropriate for some discretionary services, but basic
necessities and essential assistance should not become less acces-
sible when passengers have fewer alternatives.

» Localization & Authenticity: Featuring regional specialties,
local brands, and culturally resonant F&B options enhances the
sense of place, creating unique selling propositions that cannot
be found online or in other airports.

Optimizing and Diversifying Revenue Streams:

« Parking & Ground Transport: Invest in smart parking solu-
tions, pre-booking apps, and premium parking options. Im-
prove connectivity to public transport (metro, buses) and
integrate EV charging infrastructure.

« Advertising & Sponsorships: Move beyond static billboards
to sophisticated digital advertising networks that allow for tar-
geted, real-time campaigns. Explore strategic brand partner-
ships and sponsorships that integrate with the airport
experience.

Premium services can be offered where authorised, provided they
do not weaken the baseline service or override security rules. Es-
sential accessibility and safe processing must remain available to
every passenger.

« Leveraging Data Analytics: Utilize passenger flow data, pur-
chasing patterns, and dwell times (as discussed in the previous
section) to inform concession planning, optimise store layouts,
and identify new revenue opportunities. An incomplete under-
standing of passenger behaviour leads to missed opportunities.

Aero-cities and Land-Side Development:

« This is perhaps the most significant long-term growth driver for
non-aeronautical revenue. Developing surrounding land banks
into integrated commercial ecosystems — aerotropolis concepts
— includes:

» Logistics & Cargo Hubs: Capitalizing on the airport's con-
nectivity for warehousing, freight forwarding, and specialized
cargo facilities.

- Hospitality & Entertainment: Hotels, convention centres,
entertainment zones, retail parks, and even office spaces that
cater to airport-centric businesses.
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Emerging mobility sites may be safeguarded where a credible fu-
ture use exists. They should not be booked as commercial income
before certification, approvals and a service agreement make the
opportunity investable.

» These developments not only generate direct rental and leasing
income but also significantly increase overall footfall to the air-
port precinct, benefitting core retail and F&B.

The commercial test is whether the airport creates value that
passengers and tenants willingly choose. Revenue must fund
maintenance, renewal and public commitments without making
the basic journey unaffordable. Ownership and concession design
determine how that balance is enforced.
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CHAPTER 11

Privatisation, partnerships and
accountability

Private participation can bring capital and operating capability,
but it does not remove the public character of an airport. A con-
cession, a lease, a management contract and a sale of an asset are
different arrangements. Policy should compare their outcomes
and obligations rather than treat privatisation as a single answer.

The Rationale for Privatization: Addressing Critical
Needs

Before the expansion of private participation, airport development

relied more heavily on public agencies and budgets. AAI, estab-

lished in 1995, also inherited responsibilities from predecessor au-
thorities. Growing demand increased pressure to find additional
finance and delivery capacity.

« Capital Constraints: The government faced budgetary con-
straints and could not solely fund the enormous capital expendi-
ture required for modernizing and expanding airports to meet
escalating demand.

Capability constraints: procurement, commercial management

and specialist staffing can limit performance in either public or

private organisations. Reform should identify the specific con-
straint rather than assume an inherent efficiency deficit from
ownership alone.

- Rapid Infrastructure Upgrade: The need for world-class in-
frastructure to handle increasing passenger and aircraft move-
ments, spurred by economic growth and events like the 2010
Commonwealth Games, necessitated faster development than
traditional government procurement could deliver.

» Global Trend Alignment: Privatization in civil aviation was a
global trend, with many developed nations moving towards cor-
poratized or privately operated airport models that treated air-
ports more as businesses than purely public utilities.

These factors converged to push the Government of India (Gol)
towards the PPP model, seeking private sector investment, exper-
tise, and operational efficiency.
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Opportunities Unlocked by Privatization

The adoption of the PPP model has brought transformative oppor-
tunities to the Indian aviation sector:

Private investment can provide capital, delivery capability and

commercial expertise. Its contribution should be assessed along-

side user costs, concession obligations, public investment and the
quality of the resulting service—not only the scale of expenditure
announced.

Operating capability: contracts can bring specialist systems

and management experience. Benefits must be demonstrated

through service outcomes, resilience and lifecycle cost, with inde-
pendent oversight of safety and security.

« Superior Passenger Experience: Driven by profit motives
linked to non-aeronautical revenues, private operators have in-
vested heavily in creating state-of-the-art terminals with superi-
or passenger amenities, diverse retail and F&B options, and
advanced digital services (e.g., DigiYatra), significantly elevating
the overall travel experience.

Delivery capability: a PPP may improve execution when re-

sponsibilities, approvals and finance are settled. It can also suffer

delay or renegotiation. The assessment should compare realistic
public and private delivery options using the same scope and risk
assumptions.

Revenue diversity: private participation may strengthen com-

mercial management. The concession must specify how commer-
cial rights, airport charges, service obligations and investment
interact; a high non-aeronautical share alone does not show that
passengers benefit.

Technology adoption: procurement should reward proven per-
formance and interoperability. The ability to buy systems quickly
is useful only when the airport can govern, maintain and replace
them.

Challenges and Complexities of Privatization

Despite its successes, airport privatization in India has not been
without its complexities and challenges:

Economic regulation should balance efficient investment, service
quality and reasonable user charges under the applicable law and
tariff orders. Grouping airports or changing the concession does
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not remove the need for transparent cost allocation and scrutiny of
cross-subsidy. [2]

Balancing Profit Motives with Public Service: Critics have
often argued that private players might overcharge or prioritise
profits over broader public service obligations, potentially making
air travel less affordable. While AERA aims to mitigate this, the
tension between commercial interest and public accessibility re-
mains a delicate balancing act.

« Land Acquisition Issues: A significant hurdle for any infra-
structure project in India, land acquisition remains a challenge,
often leading to project delays and cost overruns. This is partic-
ularly acute for greenfield airports.

« Monopoly Concerns: Airports inherently possess monopolis-
tic characteristics, especially for the catchment area they serve.
Privatization introduces the risk of private monopolies, necessi-
tating robust regulatory oversight to prevent exploitation.

Labour transition: concession design should address employ-
ment conditions, training, contractor standards and staff repre-
sentation. These issues affect operational continuity and the
airport's local legitimacy as well as the terms of the transaction.
Financial Risks for Private Operators: Airport projects in-
volve long gestation periods and massive investments. Private op-
erators face risks from traffic variations (e.g., pandemic impact),
high finance costs, and revenue-sharing agreements (e.g., Delhi
airport's substantial revenue share with the government, which
limits its profitability despite high non-aero income). Stalled pro-
jects due to lack of preparedness in concession agreements or
funding issues have also been observed.
Procurement must distinguish percentage revenue share from a
fee per passenger; they are different bid mechanisms. Selecting
only the highest payment can create pressure for optimistic fore-
casts, higher charges or later renegotiation. Service, investment
and resilience obligations require credible evaluation and en-
forcement.

Network effects: transferring profitable airports can alter the

resources available for public-service infrastructure. Any intended

cross-subsidy should be explicit, funded and auditable. Bundling
should be evaluated against competition, cost allocation and deliv-
ery obligations rather than presumed to solve the issue.
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Towards an Evolved PPP Model: Unlocking
Untapped Value

While the existing PPP model has demonstrably accelerated air-
port infrastructure development in India, its primary focus has of-
ten been on the construction and expansion of core terminal and
airside facilities. To truly catalyze the growth of aviation markets
and ensure comprehensive development, India needs an evolved
PPP model that broadens its scope to explicitly encompass and in-
centivize value creation from existing assets and integrated land-
side opportunities. This model shifts the emphasis from purely
building new capacity to optimizing, enhancing, and leveraging
the entire airport ecosystem.
This evolved PPP framework would focus on:

Adaptive Reuse of Existing Airport Infrastructure:

« The Opportunity: Many Tier 2 and Tier 3 cities have existing,
often underutilized, airport infrastructure (old terminals, hang-
ars, airfields) that may not justify a complete greenfield rebuild
but can be revitalized.

« New PPP Model Approach: Concessionaires could be incen-
tivized to take over these assets specifically for adaptive reuse.
This might involve converting older terminals into dedicated
cargo facilities, MRO hubs, aviation training academies, or even
non-aero commercial spaces (e.g., entertainment venues, con-
vention centres).

« Benefit: Reduces capital expenditure compared to greenfield
projects, accelerates market entry, and brings existing assets
back into productive use, creating immediate value and generat-
ing new revenue streams without extensive new construction.
It's a "plug and play" model for regional growth.

Operations Enhancement as a Standalone Driver:

« The Opportunity: Significant capacity enhancement can be
achieved through operational efficiency gains (e.g., A-CDM,
smart ground movement control, digital twin optimisation) ra-
ther than solely through physical expansion. Many airports
might not need larger terminals but need smarter operations.

Performance-based contracts can support better turnaround coor-
dination, resource planning and passenger processing. They must
respect the statutory responsibilities of air navigation, security and
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border agencies. Incentives should never reward throughput at the
expense of safe separation, staff readiness or service quality.

« Benefit: Maximizes the utilization of existing runways, taxi-
ways, and gate infrastructure, leading to increased aeronautical
movements and greater revenue per square foot without costly
large-scale civil works. This directly "grows aviation markets" by
increasing throughput capability.

Dedicated Landside Commercial Development:

« The Opportunity: Airport landside areas, including fore-
courts, have immense untapped potential for non-aeronautical
revenue and urban integration.

« New PPP Model Approach: Separate PPP concessions could
be awarded exclusively for the development and operation of
landside commerecial zones. This would include hotels, retail
parks, entertainment districts (e.g., cinemas, gyms, integrated
F&B plazas), and mixed-use buildings.

Landside concessions can diversify demand through visitor and
local-business uses. Their resilience depends on access and the re-
gional economy; they are not automatically insulated from a fall in
aviation activity. Security, public circulation and emergency access
must remain protected.

Ground Transportation and Connectivity Enhancement:

« The Opportunity: Seamless and efficient multimodal connec-
tivity to the airport is crucial for market growth, enhancing ac-
cessibility, and reducing passenger stress.

New PPP Model Approach: PPPs could be designed to focus
solely on the development, operation, and integration of ground
transport infrastructure linking the airport to the city. This would
include metro rail extensions, high-speed road corridors, dedicat-
ed bus rapid transit (BRT) lanes, and last-mile connectivity solu-
tions (EV buses, ride-sharing hubs).

Benefit: Expands the airport's catchment area, making it accessi-

ble to a larger population, thereby growing the potential passenger

base. It also reduces car dependency, aligns with sustainability

goals, and enhances the overall "airport experience" by ensuring a

smooth journey from home to gate.
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A Hybrid "Asset-Light" PPP for Government-Owned
Assets

A component-based public—private partnership may be appropri-
ate where the public owner retains core assets and contracts de-
fined operations or commercial developments. Its value depends
on the specific allocation of responsibilities and interfaces; it
should be compared with public delivery and other concession
structures rather than assumed superior.

Rationale for this Hybrid:

« Strategic Control: The government maintains sovereignty
and control over critical national infrastructure, addressing
public and political sensitivities regarding asset ownership.

- Leveraging Private Efficiency in Key Areas: Private sector
expertise, capital, and commercial focus are deployed precisely
where they add the most value: operational excellence (O&M)
and unlocking lucrative non-aeronautical revenues from land-
side development.

Commercial development may strengthen airport finances where

demand, access, procurement and concession terms support it.

Any contribution to other airports or regional services requires an
explicit and lawful funding arrangement; it is not an automatic re-
sult of private participation.

Private finance can change the timing and allocation of expendi-
ture, but it must be repaid through users, public payments or oth-
er revenue. Report contingent liabilities and downside exposure as
well as the reduction in immediate public expenditure.

Public ownership does not itself prevent monopoly behaviour. Ac-
cess, pricing, procurement and service quality still require appro-
priate regulation and enforcement.

A targeted concession may simplify some decisions but add inter-
face risks. Compare the whole delivery process rather than assume
a faster award or commissioning.

Applicability of DFBOT and Other Models:

Adapted DFBOT: A DFBOT model could be tailored for specific
components. For instance, a private entity could Design, Finance,
Build, Operate, and then Transfer a new commercial forecourt
complex, a cargo terminal, or an MRO facility on airport land. The
"Operate" phase would include its maintenance and commercial
exploitation.
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O&M Contracts with Revenue Share: A simpler model in-
volves awarding long-term contracts for operations and mainte-
nance of existing facilities, often with a revenue-sharing
mechanism for commercial activities within the terminal or on
designated landside areas. This is akin to a management contract
with strong commercial incentives.
Long-Term Leases for Commercial Zones: Specific parcels
of airport land could be leased to private developers for long dura-
tions (e.g., 30-60 years) to develop hotels, convention centres, or
retail parks, with the airport authority receiving fixed lease pay-
ments and/or a share of revenues.
« Joint Ventures: Creating joint ventures between AAI and pri-
vate players for specific commercial developments allows for
shared risk and expertise.

Challenges of Implementation:

« Contractual Clarity: Defining the scope of responsibility,
revenue-sharing mechanisms, performance indicators, and exit
clauses in such hybrid models requires careful legal and finan-
cial structuring to prevent disputes.

 Interface Management: Ensuring seamless coordination be-
tween the government-owned/managed core operations (ATC,
runways) and the privately operated components (terminals,
ground handling, commercial zones) is crucial for overall air-
port efficiency and passenger experience.

« Regulatory Alignment: AERA's mandate and tariff-setting
might need to adapt to these more fragmented concession mod-
els to ensure fairness across all stakeholders.

« Incentive Alignment: Designing incentives that truly align
the private operator's profit motive with the public good (e.g.,
quality service, sustainable practices, fair pricing) is key.

The preferred model is the one that delivers the required service
with credible lifecycle funding, clear accountability and managea-
ble interfaces. CFCPD is a test of outcomes under any ownership
structure, not an endorsement of privatisation by default.
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CHAPTER 12

Open skies, national capability and
public value

An airport cannot create international traffic through architecture
alone. Air-service agreements, airline economics, fleet availability,
visas, border processing, slots and surface access all influence
whether a route can operate and whether passengers will choose
it. A terminal without this policy context is a capacity proposition
waiting for a network.

Opening skies should therefore be discussed as a means to bet-
ter connectivity, not as a slogan for unlimited access or permanent
protection. Bilateral air-service agreements establish negotiated
permissions between states; the rights available under a particular
agreement do not themselves guarantee commercial service. The
relevant agreement and current operating permissions must be
examined route by route. [1]
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CFCPD / CIVIC ATLAS 12

Rights are only the beginning

Market access becomes service through several linked tests.

Market access

What services may be
offered?

Airline capability
Can fleet and schedules
support them?

Airport readiness
Are slots, facilities and transfers ready?

Passenger demand
Will people choose the service?

Public outcomes
Does connectivity create shared value?

Conceptual dependencies; no market-access outcome is assumed

Figure 12. A bilateral agreement must be connected to airline capability, airport
readiness and demand to produce service.

The choice is not simply domestic versus foreign

Foreign airlines and foreign hubs can provide useful destinations,
competition and schedule choice. Their services should not auto-
matically be described as economic leakage. Equally, a large do-
mestic market does not guarantee that Indian airlines will capture
international transfer traffic or develop long-haul networks. Na-
tional capability requires commercially sustainable airlines, crews,
maintenance, aircraft access and a dependable operating envi-
ronment.
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Policy should examine the combined outcome: fares and
service quality for users; access for underserved regions; resilience
and competition; opportunities for Indian carriers; and the effi-
ciency of airport and airspace investment. An increase in traffic
rights can benefit passengers while intensifying competitive pres-
sure on an unprepared carrier. Restricting rights can preserve an
opportunity while leaving travellers with expensive or inconven-
ient journeys. Neither effect should be hidden.

The question for government is how to sequence market access
and domestic capability without making passengers pay indefinite-
ly for a promised future. Publish the objectives, evaluate utilisa-
tion and market outcomes, and review measures when the
evidence changes. Support should address identifiable constraints
rather than protect a business model from every competitive test.

Privatisation is a governance choice

Public, private and mixed ownership can each support good air-
ports, and each can fail. The decisive questions concern incentives,
competence, funding, regulation and accountability. A concession
should not be judged only by the payment it promises to the gran-
tor. Consider the cost of that commitment for airport users, in-
vestment timing, service quality, maintenance and resilience
under a downside traffic scenario.

Procurement should disclose obligations and allocate risks to
parties able to manage them. A private operator cannot control
every air-service decision, surface-transport project or macroeco-
nomic shock. A public authority cannot assume that transferring
commercial risk removes its responsibility for competition, access
or safety. Regulatory clarity and credible enforcement matter more
than the label on the ownership structure. AERA's statutory role
includes regulation of aeronautical tariffs and monitoring of speci-
fied performance standards within its remit. [2]

CFCPD gives public policy a practical test: what becomes
better for the passenger, the region and the nation, and how is the
improvement funded? Culture and Community establish whose
experience counts. Planet makes environmental consequences vis-
ible. Digital supports evidence. Finance ensures that the commit-
ments endure. None authorises an airport to substitute private
return for its public obligations.
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CHAPTER 13

The Indian hub thesis: a network
of distinct roles

Why should Indian cities serve mainly as gateways to someone
else's transfer hub? The question is legitimate. India's domestic
network, international demand and geography create opportuni-
ties for stronger home-based connections. But a hub is a coordi-
nated airline and airport system, not a title awarded to a large
terminal. Its value is realised when passengers and baggage can
make useful connections reliably and at a competitive total jour-
ney cost.

Delhi, Mumbai, Goa, Hyderabad, Chennai, Kolkata and Benga-
luru deserve appraisal for different network roles. Their catch-
ments, tourism, business demand, geography, infrastructure and
airline commitments differ. Some may support several functions;
others may be stronger as origin-and-destination gateways, re-
gional connectors, cargo centres or specialised transfer points. The
manifesto does not impose one model on all seven, nor prescribe a
fixed national quota of hubs.
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A hub depends on coordination

Splitting a transfer bank can dilute useful connections.

COORDINATED BANK SPLIT BANKS

One connecting sequence Weaker bank overlap

Direct gateways remain valuable where local demand supports them.
The test is network usefulness, not the number of international labels.

lllustrative network; not a route map or traffic forecast

Figure 13. Fragmentation can weaken a transfer bank, but direct gateways remain
valuable where local demand supports them.

When fragmentation damages connectivity

Fragmentation matters when complementary flights are split
across airports or schedules so that passengers can no longer con-
nect conveniently. A transfer between two airports in one metro-
politan region adds surface travel, baggage arrangements, border
and security processes, uncertainty and recovery responsibilities.
Sharing a city name does not make them one operational hub.

Consider an illustrative bank of domestic arrivals feeding inter-
national departures. Moving part of that bank to a distant airport
may reduce feasible connections even if the region's total seat ca-
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pacity grows. The test is the number and quality of connections
within realistic transfer conditions, not a simple multiplication of
every arriving flight by every departing flight. Time, destination,
agreements, capacity and baggage processes determine which
connections are useful.

Yet direct international services from regional cities can save
passengers a domestic connection and provide competition. They
may complement, rather than destroy, major hubs. The policy er-
ror is to equate every new gateway with fragmentation or every
new hub with national benefit. Evaluate network effects and pas-
senger outcomes before allocating incentives or imposing re-
strictions.

What an Indian hub requires

A credible hub strategy joins airline schedules, transfer-friendly
terminal geometry, compatible stands, dependable baggage trans-
fer, border processes, minimum connection times and disruption
recovery. Minimum connection time is a journey-specific planning
and commercial constraint; it is not one universal number for the
whole airport. Passengers needing assistance and connections
across different processing regimes require explicit attention.

The Waveform Traffic Pattern chapter translates this network
logic into design. Arrival and departure banks create demand
peaks at different times in different systems. The airport must test
a realistic schedule, not assume that its annual capacity figure
proves transfer capability. Airlines remain responsible for com-
mercial schedule and passenger-protection decisions, while the
airport and public agencies must provide the interfaces that make
those decisions workable.

For government, the hard question is whether airport approvals,
air-service policy, competition policy and surface investment de-
scribe the same national network. For the operator, it is whether
claimed hub capacity has been tested from arrival stand to depar-
ture gate. For the airline, it is whether the schedule and product
are durable enough to attract repeat use. CFCPD requires all three
to answer together.
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CHAPTER 14

Masterplanning, phasing and
financial viability

Effective airport development is not merely about constructing
buildings; it is a careful exercise in long-term strategic planning,
financial forecasting, and adaptive execution. Airport masterplan-
ning serves as the blueprint for an airport's evolution, outlining its
physical, operational, and commercial growth over decades. This
framework is particularly critical for India, given its explosive air
travel demand and the need for infrastructure that can keep pace
with rapid growth while ensuring financial viability.

The Strategic Imperative of Masterplanning

An airport master plan is a comprehensive document that defines
the long-term development of an airport, typically over a 20-year
horizon, with shorter-term implementation phases. Its core objec-
tives include:

« Capacity Enhancement: Ensuring the airport can handle
projected passenger and cargo traffic efficiently.

« Operational Efficiency: Optimizing airside, terminal, and
landside operations for safety, speed, and reliability.

« Commercial Maximization: Identifying and planning for
revenue-generating opportunities (aero and non-aero).

« Environmental Stewardship: Integrating sustainable prac-
tices and minimising ecological impact.

« Community Integration: Ensuring harmonious develop-
ment with surrounding urban areas and local populations.

« Financial Viability: Balancing investment costs with project-
ed revenues to ensure profitability and attractiveness to inves-
tors.

In India's dynamic context, masterplanning must be inherently
flexible, capable of adapting to rapid technological advancements,
evolving passenger needs, and shifting economic landscapes.
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Frameworks and Phasing: A Phased Growth
Approach

Masterplans typically follow a phased approach, allowing for in-

cremental investments and adjustments:

» Short-Term (0-5 years): Focus on immediate capacity needs,
operational bottlenecks, and quick-win revenue opportunities
(e.g., terminal expansions, runway resurfacing, new F&B out-
lets).

+ Medium-Term (5-10 years): Involves significant infrastruc-
ture upgrades, new terminal modules, ground access improve-
ments, and initial landside commercial developments.

+ Long-Term (10-20+ years): Outlines major greenfield ex-
pansions, additional runways, integrated airport city concepts,
and advanced multimodal transport links. This phase also in-
creasingly incorporates futuristic considerations like hydrogen-
ready infrastructure and vertiports for Advanced Air Mobility.
This phased approach allows for capital efficiency, enabling air-

ports to invest based on demonstrated demand rather than purely

speculative projections, thereby enhancing financial viability.

Financial Viability: Balancing Investment and
Returns

The financial viability of an airport masterplan hinges on:

« Realistic Traffic Forecasts: Accurate projections of passen-
ger and cargo volumes are fundamental to determining capacity
needs and revenue potential. Overly optimistic forecasts can
lead to white elephants, while conservative ones can result in
rapid congestion.

« Optimizing Revenue Mix: As highlighted in "Unlocking
Non-Aero Revenue," a strong focus on diversified non-
aeronautical income streams is crucial. Masterplans must allo-
cate sufficient land and space for retail, F&B, MRO, cargo, ho-
tels, and aerocity developments.

« Cost Management & Frugality: Implementing cost-efficient
design and construction methodologies, and rigorous lifecycle
costing, ensures that capital expenditure translates into long-
term value.

« Funding Mechanisms: Identifying suitable funding sources,
whether through PPP models, bond issuance, international fi-
nancing, or a combination, is integral to the plan's feasibility.
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The long gestation periods and significant capital requirements
of airport projects necessitate sound financial frameworks.

+ Regulatory Support: A predictable and supportive regulatory
framework (e.g., AERA's tariff setting mechanism) provides cer-
tainty for investors and enables airports to recover costs and
earn fair returns.

AERONOVA and the adaptive masterplan

AERONOVA is the adaptive planning method proposed in this
book. It connects operational evidence, design alternatives, cost,
environmental performance and accountable approval. It is not an
external certification or a claim that an airport can authorise its
own development. The public demonstrations associated with the
concept illustrate possible interfaces and scenarios; they do not es-
tablish a validated, deployed airport-control system. [3]

A conventional masterplan need not be static. The contribution
proposed here is to make its review cycle explicit and reproduci-
ble. Record the assumptions behind each phase, monitor the indi-
cators that could invalidate them, and test changes before a
capacity constraint becomes a crisis. An approved masterplan
changes through the responsible authorities and professional
teams, not through an unreviewed software update.

From observations to a planning decision

The cycle begins with a defined decision. Is a queue caused by in-
sufficient space, unavailable staff, a processing rule or unreliable
equipment? Collect the evidence required to distinguish those ex-
planations. A model that reproduces only annual totals cannot an-
swer a question about a fifteen-minute peak.

Geometry, asset information and operational records must use
compatible identifiers and time references. The model should rec-
ord missing data, estimation methods and confidence limits. Its
regulatory library needs named owners and version control: re-
trieving a document does not prove that the correct requirement
has been interpreted or applied.
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AERONOVA learns before it builds

A governed cycle turns operational evidence into a better brief.

SENSE
Measure performance

UNDERSTAND

Test causes and
assumptions

SIMULATE

Compare feasible
responses

APPROVE + ACT
People authorise the response

LEARN
Verify and revise the brief

A model may recommend. Authority and safety assurance remain with

people.

Conceptual illustration and schematic; not a site design

Figure 14. The adaptive planning cycle links measurement, explanation, scenario
testing, authorised action and verified learning. The return loop turns operational
evidence into the next brief.

Test feasible alternatives against a common baseline. These
might include different rosters, changed opening hours, revised
wayfinding, reconfigured processing or an additional building
phase. Assess service, safety, cost and carbon together. The re-
sponsible team then approves a bounded action, records the rea-
sons and checks the result in operation.
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Review frequency should follow the decision. Operational fore-
casts may update frequently; structural design and investment de-
cisions require slower, governed review. P50 and P9o describe
quantiles within a stated probability model, not automatic levels of
reliability. Their meaning depends on the model, assumptions and
consequences of error.

Capital benefits to demonstrate

Adaptive planning may reduce unnecessary construction, defer a
phase or identify a cheaper way to meet the same service require-
ment. It may also show that more investment is needed. Compare
alternatives with the same demand scenarios, resilience require-
ments and appraisal period, including temporary works and dis-
ruption during expansion.

Deferring capital is not the same as eliminating it. Record the
timing of expenditure, inflation, financing cost and any lost bene-
fit. Modular capacity is valuable where interfaces permit economi-
cal extension; a standard module size or mandatory modular
percentage cannot be prescribed for every airport.

Operating and environmental benefits to
demonstrate

Energy scheduling, condition monitoring and better resource
planning are credible use cases, but each needs a measured base-
line. Weather, occupancy and service changes can otherwise be
mistaken for a software benefit. Predictive maintenance must re-
spect approved maintenance requirements, and staff planning
must protect competence, fatigue limits and essential coverage.

Carbon assessment should distinguish construction emissions,
operating emissions and wider value-chain effects. Report abso-
lute totals as well as intensity, since a falling per-passenger meas-
ure can coexist with rising total emissions. Avoided construction
should be calculated against a credible alternative, not an inflated
reference scheme.

The earlier ambition for a digital dividend should therefore be
understood as a hypothesis to test. Capital, operating-cost and
carbon percentages measure different things and must not be add-
ed together. No universal saving is promised here. A pilot should
specify the benefit owner, cost of the digital system, independent
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verification and the conditions under which it will be expanded or
stopped.

Governance that survives the model

The decision record should retain the baseline, alternatives, as-
sumptions, approvals and observed outcome. A board must be
able to disagree with the model and explain why. Operators need a
usable degraded mode when data or software fail. The Living Brief
chapter develops the corresponding discipline for capturing les-
sons from an airport already in use.

The Multi-Airport System: A Blueprint for India's
Urban Future

As India's major cities transform into vast conurbations and mega-
regions, and as air travel demand continues its sharp expansion,
the traditional model of a single, ever-expanding airport for a met-
ropolitan area is reaching its physical and operational limits. The
future of aviation infrastructure in India's densest urban centres
will increasingly rely on multi-airport systems, a strategic shift
that must be embedded in masterplanning today.

The Necessity of Multi-Airport Systems:

Capacity pressure should be demonstrated by runway, terminal,
apron and access performance across the operating day. Annual
traffic alone cannot show which component is constrained or
whether a second airport is the best response.
Specialisation may improve performance, but separating domestic
and international services across distant airports can destroy use-
ful connections. Airport roles should follow airline networks,
catchments and transfer requirements, with competition and pas-
senger choice also considered.
Additional airports can provide diversion options where airspace,
weather, operating hours, facilities and available capacity allow.
Proximity alone does not establish usable redundancy.
 Distributed Economic Growth: Multiple airports can serve
as distributed economic anchors, stimulating development
across a wider geographical area of the mega-region, rather than
concentrating all growth around a single point.
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The "Second Airport" Model in Action and Its Evolution:

« The development of a "second airport for one city" is already a
critical model underway in India's largest urban agglomera-
tions:

« Mumbai and Navi Mumbai International Airport: Navi
Mumbai is designed to alleviate congestion at the highly con-
strained CSMIA, providing much-needed additional capacity
and serving a new growth corridor.

» Delhi and Noida International Airport: NIA is explicitly
planned as a second international airport for the Delhi-NCR re-
gion, positioned to handle future demand, offer new connectivi-
ty options, and act as a powerful economic catalyst for Uttar
Pradesh.

A third or fourth airport is an option to test, not an inevitable stage
of metropolitan growth. Planning should compare expansion, op-
erational improvement, rail substitution and new sites. Several
airports serving one region do not together form a single connect-
ing hub unless dependable transfer arrangements make the con-
nection commercially usable.

Implications for Future Masterplanning:

Regional Airspace Management: Planning for multiple air-
ports in close proximity requires sophisticated regional airspace
management to prevent conflicts and optimise flight paths. This
necessitates significant investment in advanced Air Traffic Man-
agement (ATM) systems and collaborative planning between air-
port operators and air navigation service providers (AAI).
Inter-airport access should support the regional network, but
transfer itineraries need particular scrutiny. Baggage handling,
immigration, ticket protection, disruption recovery and total jour-
ney time matter as much as the connecting train or road. A pro-
posed link must not be described as an operating service.

Roles should be coordinated without unnecessarily suppressing
competition. Separating traffic by airline business model may re-
duce costs in some settings but can also split feeder services from
long-haul banks. Test the network effects before committing infra-
structure.

Decentralized Aero-city Development: Each airport in a
multi-airport system can become an independent node for aerocity
development, attracting specific industries (e.g., one for tech/IT,
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another for heavy manufacturing, another for medical tourism),
thereby dispersing economic benefits across the wider region. This
contributes significantly to real estate development in and around
each airport, be it air-related commerce, hotels, and other mixed-
use buildings.

« Land Acquisition & Funding: The biggest challenges for de-
veloping third and fourth airports will be land acquisition in in-
creasingly dense peri-urban areas and securing massive, long-
term funding. Innovative land-pooling mechanisms and diversi-
fied PPP models will be essential.

The Digital Imperative: Elevating Capacity through
Technology

Beyond physical expansion and multi-airport systems, a funda-
mental driver of future capacity enhancement lies in the intelligent
deployment of cutting-edge digital technologies for both air and
ground navigation. These innovations allow airports to maximize
throughput, optimise existing infrastructure, and enhance safety
without necessarily building new runways or terminals. This rep-
resents a shift from purely physical capacity to "smart capacity."

Advanced Air Navigation (ATM Modernization):

Performance-based navigation specifies required navigation per-
formance for defined operations. Depending on the application, it
uses approved navigation systems and procedures. Capacity or en-
vironmental benefits require airspace design, equipped aircraft,
controller capability and regulatory approval; they are not auto-
matic consequences of precision.

+ System Wide Information Management (SWIM): Facili-
tates seamless, real-time data sharing among all ATM stake-
holders (airlines, air traffic control, airports). This improves
situational awareness, enhances collaborative decision-making
(CDM), and allows for more efficient flow management, reduc-
ing holding times and delays.

Controller decision-support tools may improve prediction and
planning when validated for their intended use. Authority and
safety assurance remain with the responsible aviation organisa-
tions; a general airport Al platform cannot assume air traffic con-
trol functions.

- Digital Towers: Remote digital towers use high-definition
cameras and sensors to provide a panoramic view of the airfield,
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allowing controllers to manage operations from a remote loca-
tion, enhancing efficiency and potentially offering redundancy.
» Free Route Airspace (FRA): Enables aircraft to choose the
most optimal, direct route between two points rather than fol-
lowing fixed airways, reducing flight times and fuel consump-
tion, and allowing more flexibility for airspace optimisation.

Intelligent Ground Navigation and Airside Efficiency:

Airport Collaborative Decision Making (A-CDM): This is a
cornerstone for ground efficiency. A-CDM involves real-time in-
formation sharing and collaborative planning between all airport
partners (airlines, ground handlers, ATC, airport operations) to
optimise aircraft turnarounds, gate assignments, and departure
sequencing. It minimizes delays and maximizes runway/taxiway
utilization.

Advanced Surface Movement Guidance and Control Systems (A-
SMGCS) & Follow-the-Greens: These systems use radar, sensors,
and transponders to provide precise real-time tracking of all air-
craft and vehicles on the airfield. "Follow-the-Greens" technology
lights up optimised taxiway routes, guiding pilots visually and re-
ducing confusion, errors, and taxi times, thereby increasing effec-
tive runway throughput.

« Al for Apron Management: Al can analyze real-time data on
gate availability, aircraft type, and ground handling resources to
optimise parking positions, pushback times, and minimize
apron congestion, further streamlining aircraft movement.

+ Integrated Turnaround Management: Digital tools that
monitor and optimise every step of the aircraft turnaround pro-
cess (from baggage unloading to refueling and catering) ensure
faster, more predictable departures, increasing the number of
flights an airport can handle per hour.

Terminal Capacity Enhancement through Digital Flow:
Optional digital processing can reduce some transaction times, but
its benefits depend on reliable systems and accessible alternatives.
Capacity modelling should include system outages and passengers
using staffed or non-biometric routes.

Flow analytics can identify bottlenecks using suitable sensors or
aggregate observations. Wi-Fi identifiers and other traces may still
create privacy risks. Data minimisation, security and a defined re-
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tention policy are required even when the intended output is an
aggregate count.

« Smart Baggage Handling Systems: Automated and high-
speed baggage handling systems reduce errors, speed up bag-
gage delivery, and minimize congestion in baggage claim areas,
contributing to overall terminal efficiency.

Operational improvement can release capacity, but each
claimed gain must be demonstrated at the actual bottleneck and
under degraded conditions. That discipline connects the Digital
and Finance pillars: investment follows measured need, with safe-
ty and service limits held constant.
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CHAPTER 15

The Living Brief: learning before
expanding

An operating airport is a continuing source of design evidence.
Queues show where a process is struggling; maintenance records
reveal what is difficult to keep in service; staff workarounds expose
gaps between the drawing and the working day. A brownfield ex-
pansion should begin by reading that evidence. A greenfield brief
should learn from comparable operating airports without assum-
ing their conditions are identical.

The Living Brief is a controlled set of requirements updated
through operational learning. It does not mean redesigning the
project whenever a new complaint arrives. It means that a change
to the brief has a recorded reason, supporting evidence, an ac-
countable owner and an approved consequence for scope, cost,
programme and service. The discipline is especially important
when construction must proceed beside live operations.

Six domains of operational learning

Passenger and terminal performance comes first. Measure the dis-
tribution of waiting times, walking and assistance needs,
holdroom use, transfer failures and the experience of unfamiliar
travellers. Average performance can conceal a recurring problem
at one processor or one flight bank. Observation and interviews
are valuable alongside counters and sensors; a movement trace
cannot explain every hesitation.
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Keep the brief alive

Six domains feed one controlled record of requirements.

Landside links beyond this view

Passenger and terminal e Aircraft and terminal
Queues, walks and assistance Stands, gates and turnaround

Landside access o Back-of-house work
Kerb, interchange and staff Baggage, deliveries and waste

Maintainability e Commercial performance
Repair and replacement Voluntary service demand

Record: evidence / owner / version / test
Conceptual illustration and schematic; not a site design

Figure 15. A Living Brief joins six domains of operational learning in a version-
controlled set of requirements. Each revision needs evidence, an owner and a test
of the intended result.

The second domain is the aircraft—terminal interface. Stand oc-
cupancy, aircraft compatibility, towing, turnaround and gate as-
signment affect the apparent capacity of the building. More floor
area cannot solve a stand conflict. The third domain is landside
access: kerb dwell, bus reliability, pedestrian crossings, staff travel
and the arrival patterns of accompanying families. Study complete
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journeys rather than treating the terminal entrance as their begin-
ning.

The fourth domain is back-of-house work. Baggage handling,
deliveries, waste removal, staff circulation and engineering access
must function while passenger areas are busy. The fifth is main-
tainability: recurring failures, safe access for repair, shutdown
windows, replacement routes and the condition of critical assets.
Maintenance is evidence about design, not simply a cost to be
compressed.

Commercial performance is the sixth domain. Where do pas-
sengers have useful time, and which services meet their needs?
Weak sales may reflect price, product, operating hours, visibility
or location; they do not automatically justify more retail area. Lat-
er, the RARE chapter develops a consent-based method for testing
commercial relevance. Its results should inform the brief, not dis-
place passenger-service obligations.

From observation to a requirement

A lesson record should identify the observed issue, location, oper-
ating condition, evidence, likely cause, impact, current worka-
round, proposed response, owner and status. Separate what has
been measured from what is inferred. A complaint that a gate is
crowded becomes useful when the team can establish the flight
mix, occupancy duration, available seating, circulation conflict and
assistance demand.
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Test the scale of intervention

Escalate when the lower-capital response cannot do the job.

Staff, schedules,
procedures

o OPERATIONS

If unresolvea\

Reconfigure before e LAYOUT +
adding floor area SYSTEMS

If unresolvea\

Appraise e STRUCTURAL
expansion and CAPACITY
interfaces

At every level: protect safety and accessibility, verify the result and
record the evidence.

Decision sequence; the cheapest option is not always sufficient

Figure 16. The expansion decision separates operational, layout-and-systems and

structural responses. This is a decision sequence, not a rule that the cheapest op-
tion is always sufficient.

For example, a notional terminal may experience repeated
crowding where a seating area narrows the route to several gates.
The first test is not a larger concourse. It is whether relocating
seats, changing boarding management or revising the gate alloca-
tion removes the conflict without reducing accessible waiting pro-
vision. If those measures fail under a credible future schedule, the
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brief can justify a physical enlargement. This is an illustrative
method, not a report of an incident at a named airport.

A paired heatmap can make such a hypothesis legible. In Figure
17, the envelope, demand window and colour scale remain fixed
while the seating arrangement changes. The fields are invented to
demonstrate comparison; they do not establish that relocation will
deliver the illustrated result.
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Test a change before expanding

Same notional envelope, demand window and density scale.

BASELINE / seats interrupt the through-route
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o a promised reduction.
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Hypothetical paired fields; identical scale, no measured benefit
Figure 17. Matched illustrative density fields show how to compare a layout op-
tion. Numbered zones are 1 check-in, 2 security, 3 concourse and 4 gates. The

values are synthetic and do not demonstrate an achieved benefit.

An actual trial must also check accessible seating, route clear-
ance, queue containment and whether crowding has merely moved
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elsewhere. Record the demand, staffing, model assumptions and
observed outcome before changing the approved brief.

Three responses should be considered: an operational
change within adequate physical capacity; a targeted layout or sys-
tems intervention; and a larger capacity project. These are not per-
fectly separate categories. A mixed problem may require all three,
but the distinction prevents major construction from becoming the
default answer to poor coordination.

Triggers, ownership and delivery

Expansion triggers should combine sustained service deteriora-
tion, demand scenarios, asset condition and loss of resilience. A
single busy week or an arbitrary annual passenger threshold is in-
sufficient. Compare the date at which a constraint is expected to
become unacceptable with the time needed for approval, procure-
ment, construction, testing and operational readiness. Beginning
too late can be as wasteful as building too early.

The airport should appoint a brief owner and a cross-functional
review group covering design, operations, airside, security,
maintenance, commercial, finance, accessibility, environment and
project delivery. Review frequency should reflect risk and the pace
of change. Material safety findings require immediate escalation;
routine improvements can follow a planned review cycle. Statutory
approvals and contractual baselines remain subject to formal
change control.

Every accepted revision should explain the evidence, the alter-
natives rejected and the expected result. After delivery, verify
whether the intervention worked. Retain unsuccessful trials as
well as successes, since they prevent the next team from repeating
the same assumption. Digital systems can support this record, but
an airport can begin with disciplined observations and a well-
governed register before commissioning an elaborate twin.

The Living Brief connects Finance and Digital without allowing
either to dominate. It protects capital by testing the actual con-
straint, protects passengers by acting before service fails, and pro-
tects future designers from inheriting undocumented
compromises. Better use of existing capacity is valuable only while
safety, dignity, maintainability and recovery capability remain in-
tact.
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CHAPTER 16
Frugality and earned value

Frugality means removing waste while preserving the function the
public is paying for. In airport development, a low capital cost is
not good value if it produces unsafe interfaces, expensive mainte-
nance or inadequate capacity. Earned Value Management provides
one way to test delivery against an agreed scope and budget.

Frugality in Airport Development: Smart Resource
Utilization

Resource discipline should combine value engineering, standardi-
sation, maintainability and careful phasing. Informal improvisa-
tion is not an acceptable substitute for design assurance in safety-
critical infrastructure. Every saving must preserve the required
performance and approvals.

« Beyond Cost-Cutting: Frugality is distinct from mere cost-
cutting, which can compromise quality or functionality. Instead,
it encourages:

Value Engineering (VE): A systematic, structured approach to
analyzing project functions and identifying alternative solutions
that maintain or enhance value while reducing lifecycle costs. VE,
for airports, involves optimizing design, materials, and processes.
For instance, adopting modular construction for terminal build-
ings not only reduces costs but also accelerates timelines and pro-
vides flexibility for future expansion. It considers long-term
operational and maintenance expenses from the outset.

« Design Optimisation: Streamlining designs to remove un-
necessary complexity, weight, or material without compromis-
ing safety, aesthetics, or operational efficiency. This might
involve reconfiguring layouts to minimize structural spans or
optimizing energy performance through passive design ele-
ments inherent in traditional Indian architecture.

Standardization and Modular Construction: Utilizing

standardized components and prefabrication where possible (e.g.,

modular terminal sections, pre-cast concrete elements for run-

ways) accelerates construction, reduces on-site labor require-
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ments, minimizes waste, and improves quality control. This is par-
ticularly beneficial for rapid deployment in Tier 2 and Tier 3 cities.

+ Local Sourcing and Skill Development: Prioritising locally
available materials (e.g., specific types of stone, terracotta,
bamboo) and engaging local labor and expertise reduces trans-
portation costs, supports regional economies, and fosters indig-
enous capabilities.

Lean Construction Principles: Adapting manufacturing con-
cepts to eliminate waste (overproduction, waiting, unnecessary
movement, defects, over-processing) throughout the project
lifecycle. Techniques like pull planning (where work is initiated
only when needed), just-in-time delivery of materials, and contin-
uous improvement (Kaizen) can significantly enhance productivi-
ty, reduce rework, and shorten project timelines. This also fosters
collaboration among stakeholders.

Smart Technology for Resource Optimisation: Using Build-
ing Information Modeling (BIM) for clash detection and design
optimisation, drones for site monitoring and progress tracking,
and automation/robotics for repetitive tasks can reduce errors,
enhance safety, and optimise resource deployment. Sustainable
practices like energy-efficient lighting, rainwater harvesting, and
renewable energy integration reduce long-term operational costs.

Earned Value Management (EVM): The Compass for
Project Performance

For large, complex infrastructure projects like airports, which of-
ten span years and involve thousands of crores of rupees, robust
project performance measurement is non-negotiable. Earned Val-
ue Management (EVM) is a project management methodology that
objectively measures project performance and progress by inte-
grating scope, cost, and schedule measures. It helps answer critical
questions: "How much work has actually been completed?", "Are
we on schedule?", and "Are we within budget?"

Components of EVM:

« Planned Value (PV): The budgeted cost of work scheduled to
be performed by a given date.

- Earned Value (EV): The budgeted cost of work actually per-
formed by a given date.
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+ Actual Cost (AC): The actual cost incurred for the work per-
formed by a given date.

Key Performance Indicators (KPIs): EVM calculates cru-
cial variances and indices:

« Cost Variance (CV = EV - AC): Indicates if the project is
over or under budget.

Schedule variance (SV = EV - PV) expresses progress against plan
in budget-value units, not days. It should be read alongside the
critical-path schedule and commissioning milestones.

Cost performance index (CPI = EV / AC) compares earned value
with actual cost when AC is non-zero. A value above 1 indicates fa-
vourable cost performance against the baseline, subject to the
quality of progress measurement.

Schedule performance index (SPI = EV / PV) compares earned
value with planned value when PV is non-zero. A value above 1
suggests progress ahead of the budget-weighted plan; it does not
prove that the completion date is secure.

Benefits of EVM for Airport Projects:

« Early Warning System: EVM provides an objective, real-
time snapshot of project health, enabling early detection of de-
viations from the baseline (cost overruns or schedule delays).
This allows project managers to take corrective actions proac-
tively before problems escalate.

« Informed Decision-Making: By providing clear metrics on
performance, EVM empowers project stakeholders (including
government authorities, private developers, and financiers) to
make data-driven decisions regarding resource allocation, risk
mitigation, and strategic adjustments.

« Enhanced Accountability: It establishes clear accountability
for performance across different project teams and contractors.

Forecasting: EVM can support estimates of cost at completion
when its assumptions remain appropriate. Completion dates also
require a credible programme, critical-path analysis and explicit
allowance for testing, approvals and operational readiness.

« Stakeholder Communication: It provides a standardized
framework for communicating project status to all stakeholders,
fostering transparency and trust.
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Challenges in EVM Adoption in India

Despite its benefits, the adoption of EVM in the Indian construc-
tion industry, including infrastructure projects, has faced chal-
lenges such as a lack of proper training and experience among
project managers, cultural resistance to new techniques, inaccu-
rate actual cost calculations due to poor documentation or reliance
on subcontractors, and sometimes, a lack of management support
for new methodologies. Overcoming these hurdles through target-
ed training, digital integration (e.g., ERP systems for cost track-
ing), and fostering a culture of continuous improvement is
essential.

Maximising Impact for a Nation-First Agenda

By rigorously applying the principles of frugality and embracing
comprehensive Earned Value Management, Indian airport pro-
jects can:

« Deliver More for Less: Build world-class infrastructure with-
in tighter budgets and faster timelines.

« Optimise Public and Private Funds: Ensure that every ru-
pee, whether from government coffers or private investment, is
utilized with maximum efficiency and returns.

« Reduce Project Risks: Proactively identify and mitigate cost
overruns and schedule delays, enhancing financial viability and
investor confidence.

« Foster Indigenous Capabilities: Encourage local innova-
tion, material use, and skill development, aligning with the
"Make in India" vision.

« Enhance Long-term Value: Focus on lifecycle costs and op-
erational efficiency from the design phase, ensuring the airport
remains economically viable and sustainable for decades.

The practical test is whether a saving survives commissioning
and use. The next chapter considers the value of time: how to
bring useful capacity into service earlier without transferring un-
finished work or risk to operations.
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CHAPTER 17

Capital, commissioning and the
timing of returns

An airport starts earning from a facility only when that facility can
safely and reliably serve its market. Shortening the interval be-
tween investment and useful operation can improve cash flow. It
must not be achieved by compressing essential testing, staff train-
ing or regulatory approval.

The Challenge of Long Gestation Periods

Traditional airport development models often face delays due to:

« Complex Land Acquisition: A common hurdle in India,
leading to significant project delays.

« Extensive Approvals: Multi-layered regulatory and environ-
mental clearances.

« Prolonged Construction Timelines: Large-scale civil works
are inherently time-consuming.

« Phased Traffic Buildup: Full commercial potential is only
realized as passenger and cargo traffic mature over years.

These factors can stretch the period before an airport reaches
profitability, increasing financial risk for developers and investors.

Strategies for Quick Revenue Realization

To accelerate capitalization and revenue generation, future airport
masterplans and operational strategies must embed proactive
measures aimed at unlocking value from the earliest possible stag-
es:

Early Activation of Non-Aeronautical Assets:

« Phased Commercial Openings: Instead of waiting for the
entire terminal to be complete, open revenue-generating com-
ponents (F&B kiosks, duty-free stores, currency exchange) in
operational zones as soon as they receive necessary certifica-
tions. This generates immediate cash flow.

+ Modular Retail and F&B Units: Utilize prefabricated, mod-
ular units for early-phase commercial offerings. These can be
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deployed rapidly, are cost-effective, and can be easily scaled or
relocated as the airport develops.

« Temporary Activation: During initial phases or even major
construction, leverage temporary structures for F&B, small re-
tail, or advertising spaces.

Pre-Opening and Construction Phase Revenue Streams:

« Site Advertising and Branding: Even during the construc-
tion phase, the airport site can be a valuable advertising plat-
form for future tenants or partner brands, generating
sponsorship revenue.

Events and Experiential Zones (Forecourt Activation):
The landside forecourt and designated areas can host commercial
events, product launches, or temporary cultural festivals even be-
fore the terminal is fully operational for flights. This leverages the
new infrastructure's visibility and accessibility to generate revenue
and build public interest.

Construction interpretation or viewing facilities may be consid-
ered only in physically separated, authorised locations. Public ac-
cess to an active worksite is not a routine revenue opportunity and
must never compromise construction or operational safety.

Accelerated Construction Techniques:

+ Modular and Prefabricated Construction: As discussed
under "Frugality," significant portions of terminal structures,
pre-cast elements for airside infrastructure, and modular sup-
port buildings can be manufactured off-site and rapidly assem-
bled. This slashes construction timelines, bringing assets online
faster.

« Lean Construction Methodologies: Implementing princi-
ples that eliminate waste and optimise workflows ensures pro-
jects are delivered on schedule, reducing cost overruns and
accelerating revenue start dates.

Digitalization for Revenue Acceleration:

Digital services should be ready and tested before opening, includ-
ing staffed fallback procedures. Faster processing may release pas-
senger time, but additional retail spending must be demonstrated
rather than assumed.

» Personalised Digital Offers: Leveraging Al and passenger
analytics from the outset to push highly personalised retail and
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F&B offers to passenger mobile devices. This targeted approach
increases conversion rates and speeds up revenue realization.

« Dynamic Pricing: Implementing dynamic pricing models for
parking, premium lounges, or certain F&B items based on real-
time demand and availability.

« Omnichannel Commerce: Enable pre-ordering of duty-free
goods, F&B, or even ground transport via the airport's digital
platforms, generating revenue before passengers even arrive at
the physical store.

Strategic Concessionaire Partnerships:

« Performance-Linked Contracts: Structure agreements with
retail, F&B, and other commercial operators to include perfor-
mance-linked incentives that reward early setup, rapid activa-
tion, and strong sales growth.

« Experienced Operators: Partner with concessionaires who
have a proven track record of rapid commercial setup and oper-
ations in complex airport environments.

 Diversified Commercial Mix: Ensure a mix of high-yield
(duty-free, luxury brands, premium F&B, lounges) and high-
volume (fast food, essentials) offerings to cater to diverse pas-
senger profiles and maximize immediate revenue capture.

Optimised Masterplanning for Early Revenue Genera-
tion:

Sequence commercial fit-out with the facilities it de-
pends on: access, utilities, security, emergency arrangements
and passenger circulation. Commercial opening dates must follow
operational readiness, not dictate it.

« Land-Side Revenue Focus: Explicitly plan for the early de-
velopment of landside revenue generators like hotels, large for-
mat retail, and entertainment venues that can attract non-fliers
and generate income independent of flight schedules.

Aggressive Marketing and Stakeholder Engagement:

« Destination Marketing: Position the airport and its com-
mercial offerings as a destination even during development, us-
ing digital campaigns and engaging content to build excitement
and anticipation.
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« Airline Incentives: Offer attractive commercial incentives to
airlines for early route commencement, quickly building pas-
senger volumes.

« Community Outreach: Engage with local communities to
promote the new commercial offerings, drawing in non-fliers
and integrating the airport into the city's social fabric.

Earlier revenue is valuable when it comes from a complete, usa-
ble phase. Report readiness and service quality alongside opening
dates and cash flow, so that speed does not conceal deferred obli-
gations. Lifecycle costing then tests whether the early decision re-
mains good value over decades.
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CHAPTER 18
Lifecycle cost and maintainability

The purchase price is only the first cost of an airport asset. Energy,
maintenance, replacement, disruption and eventual removal shape
the value it delivers over its life. Lifecycle costing brings these con-
sequences into the design decision, when they can still be influ-
enced.

Lifecycle Costing (LCC): The True Cost of Ownership

Lifecycle Costing (LCC) is an economic methodology that evalu-
ates the total cost of a product, system, or asset over its entire life
cycle. For an airport, this means considering all costs from acqui-
sition and design, through construction, operation, maintenance,
rehabilitation, and eventual disposal. It’s a holistic view that
moves beyond initial capital outlay to encompass the true long-
term financial implications.

Components of Airport LCC:

+ Capital Costs (CAPEX): Design, land acquisition, construc-
tion, equipment procurement.

+ Operating Costs (OPEX): Energy consumption (lighting,
heating, ventilation and air conditioning (HVAC)), water, waste
management, utilities, cleaning, security personnel.

« Maintenance Costs: Routine inspections, preventive mainte-
nance, corrective repairs, spare parts.

« Rehabilitation/Replacement Costs: Major overhauls or re-
placement of assets (e.g., runway overlays, terminal refurbish-
ments).

- Disposal/Decommissioning Costs: At the end of the asset's
life.

Importance of LCC:

« Informed Decision-Making: LCC allows airport planners
and investors to choose designs, materials, and technologies
that may have a higher initial cost but significantly lower O&M
costs over decades, leading to lower total cost of ownership.
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Financial planning: lifecycle analysis helps establish the reve-
nue and renewal funding the airport will need. Tariffs remain sub-
ject to the applicable regulatory framework; projected cost does
not itself create an entitlement to recover it from passengers.

 Sustainability Integration: LCC inherently encourages in-
vestment in energy-efficient systems and sustainable materials,
as these typically lead to lower operating costs and environmen-
tal benefits over time.

+ Optimised Resource Allocation: Helps prioritise invest-
ments in maintenance and upgrades that provide the best long-
term value.

Strategic Operations & Maintenance (O&M): The

Backbone of Airport Performance

Operations and maintenance keep airport assets safe, available

and fit for use. Their share of lifetime cost varies by asset, duty cy-

cle and appraisal period. A project-specific model is more reliable

than a universal percentage.

Scope of Airport O&M:

« Airside: Runways, taxiways, apron, air traffic control equip-
ment, navigation aids, airfield lighting.

« Terminal: HVAC, lighting, escalators, elevators, baggage han-

dling systems, passenger boarding bridges, restrooms, cleaning,
security screening equipment, I'T systems.

« Landside: Roads, parking lots, landscaping, ground transpor-
tation infrastructure.

« Utilities: Power generation and distribution, water treatment,
waste management.

« Safety & Security: Firefighting, emergency services, continu-
ous monitoring of security systems.

« Human Resources: Training and deployment of O&M per-
sonnel.
Key O&M Strategies for Indian Airports

Predictive and Preventive Maintenance (PPM):

Use a maintenance strategy appropriate to the asset's risk and ap-
proved requirements. Condition monitoring can complement pre-
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ventive maintenance; it cannot automatically replace mandatory
inspections or manufacturer-prescribed tasks.

Technology Integration: Deploy Internet of Things (IoT) sen-
sors on critical equipment (HVAC systems, baggage belts, escala-
tors, airfield lighting) to collect real-time data. AI algorithms
analyze this data to predict potential failures before they occur, al-
lowing for scheduled maintenance during off-peak hours, mini-
mising operational disruptions and costly emergency repairs. For
instance, sensors can detect subtle vibrations or temperature
changes indicating impending motor failure in a baggage handling
system.

Digital Twin Synergy: A Digital Twin of the airport (as elabo-
rated in Part V) is invaluable for PPM. It provides a virtual replica
where maintenance scenarios can be simulated, asset health can
be monitored continuously, and optimal maintenance schedules
can be generated, significantly improving efficiency and reducing
downtime.

Energy Efficiency and Resource Management:

« Smart Building Management Systems (BMS): Use intel-
ligent BMS that optimise HVAC, lighting, and ventilation based
on real-time occupancy, weather conditions, and operational
schedules.

Renewable electricity can reduce purchased energy and emissions,
subject to generation profiles, grid arrangements and lifecycle
cost. A net annual renewable balance is not the same as off-grid
operation or zero emissions across the airport's full value chain.

« Water Conservation: Implement rainwater harvesting,
greywater recycling systems, and efficient landscaping (e.g., us-
ing drought-resistant plants, as seen in biophilic designs) to
minimize water consumption.

« Waste Management & Circular Economy: Develop com-
prehensive waste management strategies, including segregation,
recycling, composting, and waste-to-energy initiatives. Embrace
circular economy principles by designing for durability, repaira-
bility, and material recovery.

Technology-Driven O&M Optimisation:

« AI and Machine Learning: Beyond predictive maintenance,
Al can optimise staff scheduling for cleaning and maintenance,
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predict peak usage times for utilities, and identify areas of inef-
ficiency in real-time.

« Robotics and Automation: Deploy robots for routine clean-
ing, baggage handling, and even some inspection tasks, reduc-
ing labor costs and improving consistency.

» Integrated Asset Management Systems (IAMS): Central-
ized platforms that track all airport assets, their maintenance
history, spare parts inventory, and performance data, providing
a holistic view for efficient management.

+ Geographic Information Systems (GIS): For managing
and visualizing infrastructure assets, utility networks, and
maintenance schedules on a geographical map.

Strategic Outsourcing and Performance-Based Con-

tracts:

» Leveraging Specialized Expertise: Outsource non-core
O&M functions (e.g., specialized equipment maintenance,
cleaning, security, IT systems) to private firms with proven ex-
pertise and economies of scale.

« Performance-Based Contracts: Structure O&M contracts
with KPIs (Key Performance Indicators) linked to asset uptime,
energy consumption, cleanliness standards, and incident rates.
This incentivizes contractors to deliver high quality and efficien-
cy.

Skill Development and Training:

« Invest in continuous training programmes for in-house O&M
staff and contractors, ensuring they are proficient in operating
and maintaining advanced airport technologies and systems.
This is crucial for India's vast workforce.

Integrating LCC into Masterplanning

The synergy between LCC and O&M strategies begins at the mas-
terplanning and design stages:

« Design for Maintainability: Architects and engineers must
design buildings and systems with ease of maintenance in mind,
ensuring accessibility for repairs, using durable materials, and
simplifying complex systems.

« Material Selection: Choose materials based on their lifecycle
costs, not just upfront purchase price. Durable, low-

97



GAURAV VATSA

maintenance, and energy-efficient materials may have higher
initial costs but offer significant savings over decades.

+ Redundancy Planning: Incorporate appropriate levels of re-
dundancy for critical systems to minimize downtime during
maintenance or unexpected failures.

« Standardization: Where feasible, standardize equipment and
systems across the airport to reduce spare parts inventory and
simplify training,.

A lifecycle decision should record assumptions, discount rates,
renewal intervals and service consequences so that the comparison
can be challenged later. This is where financial discipline meets
the Community pillar: an asset is successful when it remains af-
fordable, reliable and useful to the people who depend on it.
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PART III
Community

Airports as Civic and Social Infrastructure

CHAPTER 19

Connectivity as a community
lifeline

An airport changes the region around it through access, employ-
ment, land use and environmental effects. Those effects are dis-
tributed unevenly. The Community pillar asks who gains, who
bears the cost and which public commitments make the develop-
ment worth supporting.

The airport's connectivity acts as a fundamental lifeline, weav-

ing itself into the fabric of local and regional societies. This impact
reverberates across various dimensions, yielding profound bene-
fits:
Employment and Economic Development: Airports are sig-
nificant generators of direct, indirect, and induced employment.
They create jobs within airport operations, airlines, ground han-
dling, retail, F&B, and security. Beyond the airport perimeter, they
spur growth in hospitality, logistics, manufacturing, and technolo-
gy sectors, fostering a vibrant ecosystem of ancillary businesses.
This economic activity fuels affluence by raising household in-
comes, stimulating local entrepreneurship, and attracting talent
and investment to the region.

Connectivity to Better Healthcare: For communities, espe-
cially those in Tier 2 and Tier 3 cities or remote areas, airport con-
nectivity vastly improves access to specialized medical treatment
available in larger metropolitan centres. It facilitates faster
transport for patients, enables rapid organ or critical medicine
transport, and supports medical tourism, thereby directly enhanc-
ing health outcomes and saving lives.
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Regional development: airport access can support jobs and
services, but commercial land development must follow a local
need, compatible zoning and reliable transport. Existing liveli-
hoods, affordable housing and public access should be considered
alongside land value. A publicly accessible precinct is not automat-
ically inclusive if reaching it is expensive.

Overall National Integration: By physically connecting dis-
parate regions and facilitating the seamless movement of people,
goods, and ideas, airports play an indispensable role in national
integration. They foster a shared sense of identity, promote cultur-
al exchange, allow families to maintain connections across vast
distances, and enable a unified national market. This intercon-
nectedness strengthens the social fabric and reinforces the 'Nation
First' ethos by bringing all parts of the country closer.

The social case should therefore be measured alongside the fi-
nancial case. Governments and operators need evidence on af-
fordable access, employment quality, displacement, noise and
local enterprise. The first practical test is the journey between the
airport and the places it serves.
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CHAPTER 20

The airport in the urban transport
network

An airport journey starts well before the terminal. Surface travel
time, price and reliability can determine whether flying is a realis-
tic choice at all. Multimodal planning should treat passengers,
staff, visitors and freight as distinct users of a shared regional
transport system.

Plate 5. Bengaluru Terminal 1 and its landside setting, photographed in 2025.
The view shows the terminal, bus services and public approach together; it does
not establish the quality of every interchange. Photo: Sameer2905; CC BY-SA 4.0.

The Imperative of Seamless Multimodal Integration

A truly multimodal airport hub enables passengers and cargo to

transition effortlessly between air travel and various surface

transport options, including;:

« Roadways: Private vehicles, taxis, ride-sharing services, dedi-
cated bus rapid transit (BRT) routes.

« Railways: Metro lines, suburban rail, inter-city express trains,
and potentially high-speed rail (HSR).

« Buses: Local city buses, inter-city coaches, and airport shuttle
services.
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« Future Mobility: Urban Air Mobility (UAM) vertiports, au-
tonomous vehicles.

The benefits of such integration are manifold:

« Enhanced Accessibility: Broadens the airport's catchment
area, making it accessible to a larger population and increasing
passenger volumes.

« Reduced Congestion: Alleviates traffic bottlenecks on airport
approach roads and within landside areas.

« Environmental Sustainability: Encourages shifts from pri-
vate vehicles to public transport, reducing carbon footprint and
pollution.

+ Economic Efficiency: Lowers travel costs for passengers and
improves supply chain efficiency for businesses.

« Urban Cohesion: Integrates the airport physically and func-
tionally into the urban fabric, fostering a sense of shared com-
munity asset.

Tailoring Infrastructure for Diverse Air Traffic:
UDAN, low-cost carrier, and Helicopters

Airports must accommodate different aircraft and operating mod-
els. Low-cost services are not defined by small aircraft, and re-
gional turboprops should not be assigned an aerodrome reference
code merely because they have fewer seats. Infrastructure must
follow the actual fleet dimensions, performance and operating re-
quirements.

Dedicated Infrastructure for UDAN/low-cost carrier

Traffic (Bus-Based Operations):

Remote stands and bus boarding may suit some operations, but

they also require accessible boarding, weather protection, reliable

vehicles and sufficient journey time. Compare their whole-system

cost and service consequences with contact stands; a lower infra-

structure cost does not establish a faster turnaround.

 Tier 1 Airport Adaptation: Instead of squeezing these opera-
tions into the main, high-traffic terminals designed for larger
aircraft, Tier 1 airports should develop dedicated, streamlined
zones or annexes for UDAN/low-cost carrier traffic. This can in-
volve:

« Remote Aprons and Dedicated Stands: Designating spe-
cific aprons and a larger number of remote parking stands spe-
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cifically for smaller aircraft, optimised for quick pushback and

taxiing.

Efficient Bus Transfer Systems: Investing in fleets of mod-

ern, comfortable, and frequent airport buses for transfers be-
tween remote stands and dedicated terminal gates. This
requires:

+ Clear, Multi-Lingual Signage: Intuitive signage within ter-
minals and on buses, particularly for first-time or regional trav-
ellers from Tier 2/3 cities.

+ Dedicated Bus Boarding Lounges: Streamlined, comforta-
ble, and secure holding areas within the terminal specifically for
passengers using remote stands, equipped with real-time flight
information and amenities.

« Optimised Bus Routes and Roadways: Designing dedicat-
ed roadways on the airside for bus operations to ensure rapid
transfers without interfering with larger aircraft movements.

» Streamlined Processing for Remote Operations: Imple-
menting efficient check-in (self-service kiosks, mobile check-in),
dedicated security lanes, and simplified baggage handling sys-
tems designed for the unique needs of high-volume, quick-
turnaround low-cost carrier flights.

 Cost-Effective Ground Handling: Encouraging ground
handling services optimised for fast turnarounds, reducing costs
for LCCs.

Benefits: Decongests main terminals, reduces operational costs
for LCCs (making regional routes more viable), maximizes utiliza-
tion of airside space, and enhances regional connectivity without
compromising the efficiency of full-service or international opera-
tions. It also improves passenger experience by providing a pre-
dictable and purpose-built environment.

Integrating Helicopter Operations and Future Urban Air
Mobility (UAM):

The Rationale: Helicopters play a vital role in connecting re-
mote areas (e.g., under UDAN-Heli), VIP transport, emergency
services, and emerging sectors like heli-tourism. As Urban Air
Mobility (UAM) concepts like eVTOLs (electric Vertical Take-off
and Landing) progress, helicopters serve as a blueprint for future
short-haul air links within urban agglomerations.
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« Dedicated Helipads and Vertiports: Tier 1 airports should
incorporate well-planned, segregated helipads or dedicated hel-
iports. These need:

« Separation from Fixed-Wing Operations: Ensuring safe
separation of helicopter flight paths and ground movements
from fixed-wing aircraft runways and taxiways to prevent air
traffic conflicts and foreign object debris (FOD) risks.

« Dedicated Airspace & ATC Coordination: Specific air cor-
ridors and streamlined air traffic control procedures for helicop-
ter movements, minimising impact on fixed-wing operations.

« Ground Infrastructure: Dedicated parking, refueling,
maintenance facilities, and passenger lounges for helicopter us-
ers, potentially including customs and immigration for interna-
tional helicopter flights.

Safeguard possible advanced-air-mobility interfaces only where
justified. A helipad cannot be assumed to become a vertiport
through the addition of chargers: aircraft characteristics, structur-
al capacity, downwash, fire response, airspace and approvals must
all be assessed.

« Benefits: Enhances last-mile connectivity, supports regional
development (especially for challenging terrains under UDAN-
Heli), provides premium transport options, and positions the
airport at the forefront of future urban mobility.

The Airport as a Multimodal Nexus: Examples and
Future Directions

The success of global examples demonstrates the power of com-
prehensive multimodal integration:

« Frankfurt Airport (Germany): Seamlessly integrates long-
distance high-speed rail (ICE trains), regional trains, metro (S-
Bahn), and bus services directly within the airport complex,
making it a true intermodal hub connecting millions beyond air
travel.

+ Beijing Daxing International Airport (China): Built with
a massive integrated ground transportation hub directly be-
neath its terminal, offering high-speed rail, metro, and road
connections, underscoring China's commitment to seamless in-
termodal travel for its mega-airports.

For Indian cities, the development of new multi-airport systems

(e.g., Delhi-Noida, Mumbai-Navi Mumbai) further emphasizes the
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need for robust inter-airport surface connectivity. This includes
dedicated expressways, metro lines, or even future high-speed cor-
ridors linking these aviation nodes.

The Imperative for Diverse Terminal Typologies:
Beyond "One Size Fits All"

The terminal should be designed around the operating mix, not a
universal building type. Common-use facilities, dedicated modules
and flexible zones can each be appropriate. The deciding tests are
safety, accessibility, operational compatibility and whole-life cost.

A shared terminal can use resources efficiently and support
connections when flows are compatible. Dedicated facilities can
help where processing or operating requirements genuinely differ.
Separating passengers solely by airline price category risks dupli-
cation and poor transfers; integration should be tested before seg-
regation is prescribed.

Future airport masterplanning must embrace diverse terminal
typologies designed for purpose. This could mean:

+ Dedicated low-cost carrier/Regional Terminals or
Modules: Optimised for high-volume, rapid turnaround, bus-
based operations, and cost-efficient retail/F&B, with simplified
processing.

+ Full-Service/International Terminals: Designed for pre-
mium experience, extensive retail, lounges, and complex inter-
national processing requirements.

« Hybrid Terminals with Flexible Zones: A core terminal
with modular, adaptable zones that can be dynamically recon-
figured to serve different traffic types based on demand, per-
haps using movable walls or smart resource allocation.

» Specialized Hubs for Specific Aviation Sectors: Termi-
nals specifically designed for General Aviation (GA), MRO-
related traffic, or future electric vertical take-off and landing
(eVTOL) "vertiports" distinct from commercial passenger ter-
minals.

Purposeful differentiation should make travel simpler without
creating a lower standard of dignity for some passengers. The
choice between shared and dedicated facilities belongs in the same
appraisal as the choice between reuse and new construction.
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CHAPTER 21

Adaptive reuse and greenfield
development

Before selecting a new site or demolishing an existing terminal,
compare the capacity problem each option actually solves. Green-
field development offers room to plan, but carries access, land and
environmental costs. Reuse preserves assets but may introduce
operational and technical constraints. Neither is automatically the
responsible choice.

Greenfield Development: Laying New Foundations
for Future Growth

Greenfield airport development involves constructing an entirely
new airport on a previously undeveloped site. This strategy is typi-
cally adopted when existing airports are critically capacity-
constrained, when there is a need to serve a completely new
catchment area, or when the vision necessitates an integrated 'aer-
otropolis' development unhampered by existing infrastructure
limitations.

Rationale:

« Unrestricted Planning: Offers the freedom to design optimal
layouts for runways, taxiways, terminals, and support facilities
without the constraints of existing structures. This allows for
long-term masterplanning that incorporates future expansion,
multi-airport systems, and next-generation technologies from
day one.

+ Advanced Technology Integration: Enables the incorpora-
tion of the latest aviation technologies, sustainable design prin-
ciples, and smart airport systems without the complexities of
retrofitting older infrastructure.

« Massive Capacity Creation: Ideal for meeting colossal future
demand, as seen with India's mega-airports.

« Catalyst for New Urban Centres: Greenfield airports often
spur the creation of entirely new economic zones and sub-cities,
driving real estate booms and attracting diverse industries.
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Benefits (for Aviation and Community):

« Decongestion: Significantly alleviates pressure on existing,
saturated airports (e.g., Navi Mumbai for Mumbai, Noida for
Delhi-NCR).

« Long-Term Scalability: Provides a framework for phased,
long-term capacity expansion up to 50-70 years.

« Optimised Operations: Purpose-built design can achieve
peak operational efficiency and safety.

+ New Economic Hubs: Acts as a magnet for regional econom-
ic growth, creating new jobs, attracting investment, and spur-
ring diversified real estate development in previously
underdeveloped areas. This directly benefits surrounding com-
munities by creating new livelihoods and amenities.

Environmental opportunity: a new site allows integrated

drainage, energy and landscape planning, but construction, habi-

tat change and induced travel still have impacts. A positive design
ambition does not establish a net environmental benefit.

Landscape buffers can improve the local environment where com-

patible with aviation safety. Vegetation is not a substitute for noise

assessment, land-use controls or operational mitigation, and
planting must be evaluated for wildlife attraction.

 Integrated Water Management: Designing large-scale
rainwater harvesting systems and permeable surfaces that re-
charge groundwater aquifers, significantly contributing to re-
gional water security and better flood control for downstream
urban areas.

« Net-Positive Energy Generation: Planning for vast solar
farms and other renewable energy sources on-site, potentially
generating more power than the airport consumes, thus con-
tributing clean energy to the local grid and reducing the city's
overall carbon footprint.

Challenges:

« Land Acquisition: This is often the most significant and con-
tentious hurdle in India, leading to prolonged delays, social dis-
placement, and often high compensation costs. It requires
sensitive and fair resettlement and rehabilitation programmes.

- High Capital Cost: Requires enormous upfront investment,
making robust financial planning and innovative PPP models
essential.
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« Long Gestation Period: From conception to full operation,
greenfield projects can take many years, delaying returns on in-
vestment.

« Initial Environmental Impact: Requires careful environ-
mental impact assessments and mitigation strategies for habitat
loss during the construction phase.

« Community Displacement: The most significant social im-
pact can be the displacement of existing communities, necessi-
tating extensive community engagement and equitable
resettlement.

Adaptive Reuse: Breathing New Life into Existing
Assets

Adaptive reuse in the airport context involves repurposing existing
airport buildings, airfields, or facilities for new functions, rather
than demolishing them or building entirely new structures. While
'‘brownfield' often refers to redeveloping previously used industrial
sites, here we extend it to include re-envisioning operational air-
port assets.

Rationale:

« Maximising Existing Assets: Capitalizes on existing invest-
ments in infrastructure, utilities, and access roads, reducing the
need for new capital expenditure.

« Sustainability: Reduces demolition waste, conserves embod-
ied energy in existing structures, and minimizes land consump-
tion.

« Faster Time to Market: Repurposing existing structures can
be significantly faster than greenfield construction.

« Addressing Specific Needs: Can efficiently meet niche de-
mands like dedicated cargo hubs, MRO facilities, or regional
general aviation.

« Preserving Heritage: In some cases, it can preserve struc-
tures with historical or sentimental value, maintaining a con-
nection to the past.

What Can Be Reused and for What Purpose:

« Old/Disused Terminals: Can be converted into dedicated
cargo terminals, MRO hangars, aviation training centres,
mixed-use commercial spaces (retail, F&B, offices), event ven-
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ues, or even cultural centres (e.g., museums, art galleries for the
public, not just passengers).

« Former Runways/Taxiways: Can be repurposed for general
aviation, flight training, aircraft storage, or non-aviation uses
like solar farms or logistical parks.

« Old Hangars: Ideal for MRO facilities, warehousing, or even
transformed into unique commercial or exhibition spaces.

Benefits (for Aviation and Community):

Reuse can avoid some material demand and demolition emissions.
The actual benefit should be tested through a lifecycle comparison
that includes retrofit work, operating performance and the re-
maining service life of the structure.

« Cost-Effectiveness: Substantially lower capital costs com-
pared to greenfield projects, making it a viable strategy for fi-
nancially constrained regional airports.

 Faster Project Delivery: Brings new capacity or services
online more quickly, leading to earlier revenue realization and
immediate benefits for the community.

« Community Continuity: Minimizes social disruption and
displacement, fostering a more positive relationship with sur-
rounding communities.

« Urban Renewal: Can revitalize existing urban or peri-urban
airport areas, breathing new life into neglected zones and inte-
grating them better with the city.

+ Economic Diversification: Creates specialized aviation or
non-aviation businesses that diversify local economies and gen-
erate new types of employment.

« Opportunity for Green Buffers: Even in adaptive reuse pro-
jects, there are opportunities to enhance existing green spaces
or add new green buffers, improving air quality and local aes-
thetics.

Challenges:

 Structural Limitations: Existing structures may have inher-
ent limitations (e.g., column spacing, ceiling heights) that con-
strain new uses.

« Outdated Systems: Older buildings may require extensive
upgrades to meet modern building codes, energy efficiency
standards, or technological requirements.
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« Regulatory Hurdles: Re-zoning or repurposing airport land
for non-aviation uses can face complex regulatory approvals.

« Limited Scale: Adaptive reuse is typically suited for smaller-
scale interventions and may not be able to address large-scale
capacity deficits alone.

Strategic Balance: Optimizing for India's Diverse
Needs

For India's "Nation First" airport agenda, the most effective ap-
proach is not to choose between greenfield and adaptive reuse, but
to strategically deploy both, optimizing their application based on
regional needs, existing assets, and long-term vision.

Greenfield development may be justified where existing sites can-

not meet a demonstrated need at acceptable cost and impact. It

should not be treated as a clean slate: communities, hydrology,
ecology and transport networks already occupy the landscape.

« Adaptive Reuse for Regional Growth and Specializa-
tion: Ideal for rapidly enhancing connectivity and economic ac-
tivity in many Tier 2 and Tier 3 cities.

« Old AAI airports with limited traffic can have their existing in-
frastructure adapted for specialized cargo operations, MRO fa-
cilities, or even smaller, purpose-built low-cost carrier
terminals, as discussed under "Multimodal Hubs."

« The strategic unlocking of land from former operational areas
for 24/7 city-side developments (as proposed for forecourts) can
also be seen as a form of adaptive reuse of airport land, bringing
new commercial and recreational opportunities to the local
community.

« Projects where older buildings within an existing airport cam-
pus are converted into administrative blocks, training centres,
or commercial spaces offer cost-effective modernization.

The decision should compare realistic alternatives using the
same service requirements, appraisal period and risk allowances.
Construction convenience is only one consideration. The resulting
airport must also support the daily work through which public
value is delivered.
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CHAPTER 22

No Idle Land: stewardship of the
airport reserve

Vacant airport land is not necessarily wasted land. A safeguarded
runway corridor, a drainage path, a safety buffer or a future utility
route may create considerable value precisely because it remains
unbuilt. The question is whether each parcel has a deliberate pur-
pose and an accountable steward. No Idle Land is a discipline of
stewardship, not a direction to develop every hectare.

This distinction is crucial at distant greenfield airports. Large
reserves protect future options, but distance can weaken early de-
mand for hotels, offices, recreation and retail. A speculative com-
mercial district does not become viable because the airport owns
the site. The appraisal must include the surrounding population,
transport cost, competing destinations, operating hours and the
workforce required to run it.
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CFCPD / CIVIC ATLAS 18

Vacant land is not empty value

Safeguard future aviation without neglecting present obligations.

PROTECT €© ResToRE

Aviation safeguards and Ecological functions and

options drainage

ACTIVATE o COMMIT

Compatible, reversible uses Permanent uses only after
appraisal

Conceptual zoning; safeguards need site-specific assessment

Figure 18. Reserve-land stewardship separates aviation safeguards, ecological
functions, compatible temporary uses and permanent commitments.

Classify before activating

Begin with a parcel register showing ownership and restrictions,
permanent aviation purpose, likely recovery trigger, environmen-
tal function, utilities, access, compatible uses and prohibited uses.
Safeguarding must include airspace, obstacle, wildlife, glare, secu-
rity and emergency-access considerations. The ability to build lat-
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er is only one of the reserve's obligations; existing ecological and
community interests must also be recognised.

Four decisions follow: protect land whose function requires
it to remain clear; restore or maintain environmental functions
where compatible with aviation; activate selected parcels through
reversible uses; or commit to permanent development after strate-
gic appraisal. A revenue target should not reverse that order. Land
acquired for a public purpose cannot be treated as an unrestricted
property portfolio.

Four layers of possible value

The first layer is renewable energy and resource management. So-
lar generation may be suitable where electrical connection, glare,
drainage, access and the remaining land-use horizon support it.
Energy value must be calculated from the site's yield, tariffs, self-
consumption, export arrangements, financing and relocation
costs. Organic-waste treatment or biomass activity needs a sepa-
rate odour, fire, vehicle and wildlife assessment; it is not automat-
ically appropriate beside an airfield.

The second layer is green and blue infrastructure. Drainage, soil
protection, flood attenuation and landscape management can pro-
vide benefits before later phases are built. However, open water,
food sources and some planting can attract hazardous wildlife.
Ecological design must be coordinated with the airport's wildlife-
hazard management and wider catchment plan. Do not claim
permanent carbon storage from vegetation already scheduled for
clearance.

The third layer is compatible civic and cultural activity. Sports,
exhibitions, training, regional food, craft markets or interpretation
spaces may serve nearby residents and workers on genuinely ac-
cessible landside parcels. Their value depends on affordable access
and operating demand, not only on an attractive site plan. Events
must not obstruct terminal access, introduce hazardous lighting,
overwhelm parking or create security conflicts.

The fourth layer is community reinvestment. The airport can
define a funded programme through which an agreed share of net
benefits supports local skills, access, public facilities or environ-
mental improvement. The basis of the contribution, eligible ex-
penditure and independent oversight should be explicit. A

113



GAURAV VATSA

voluntary programme does not replace compensation, rehabilita-
tion, environmental mitigation or other legal obligations arising
from the airport project.

Reversibility must be real

A temporary structure can still create a permanent obligation. Test
legal rights, the cost of removal, utility disconnection, remedia-
tion, relocation and the effect on people who depend on the use.
Contract terms should match the parcel's recovery horizon and
provide a fair, funded transition. Calling an activity temporary is
not a justification for displacing its workers or users without due
process.

Appraise net value rather than gross revenue. Include security,
access, servicing, maintenance, insurance, reinstatement and the
opportunity cost of delaying aviation development. Do not add
avoided expenditure and revenue if they represent the same bene-
fit. A short pilot may be preferable to a large facility where demand
remains uncertain.

The reserve strategy should be reviewed alongside the Living
Brief and masterplan. If aviation timing changes, the interim-use
programme must change with it. Report safeguarded capacity, en-
vironmental performance, community benefit and net financial re-
sult together. An unbuilt parcel with a verified strategic purpose is
not a failure of commercial imagination. It may be the decision
that allows the airport to serve the next generation.
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CHAPTER 23

Operations, local economies and
good work

The passenger sees only part of the airport. Baggage systems,
maintenance access, staff facilities, service roads and utilities de-
termine whether the visible building can work. Treating these as
residual space creates operating problems that no amount of
front-of-house finish can resolve.

Defining Back of House (BOH) and Airside

Back of House (BOH): Refers to all the non-public, behind-the-
scenes areas within the terminal and associated buildings. This in-
cludes baggage handling systems (BHS) and conveyor belts, cater-
ing facilities, retail and F&B storage, staff offices, restrooms,
security screening equipment, IT infrastructure, waste manage-
ment centres, utilities control rooms, and various service corri-
dors.

« Airside: Encompasses all areas where aircraft operate, includ-
ing runways, taxiways, aprons (parking stands), hangars, air
traffic control (ATC) towers, fuel farms, ground support equip-
ment (GSE) storage, MRO facilities, and cargo complexes. Ac-
cess to these areas is highly restricted for security reasons.

Beyond Operations: Unseen Community
Contributions

While their primary function is to support efficient aviation opera-
tions, strategic planning and management of BOH and airside so-
lutions offer tangible benefits to the local community:

Massive Employment Generation and Skill Development:
Employment: airport operations support a wide range of skills
and contracted services. Employment claims should distinguish
jobs on the airport site from indirect or induced estimates, and
identify job quality, training and local participation rather than
report only a headline total.

« Skill Training: Airports, often in collaboration with airlines or
private training institutes, establish vocational training centres
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for aviation-specific skills (e.g., aircraft mechanics, ground sup-
port equipment operators, security personnel). This upskills the
local workforce, making them employable in high-growth sec-
tors.

Local Sourcing and Supply Chain Integration:

BOH operations present significant opportunities for local busi-
nesses to integrate into the airport's supply chain. This includes
sourcing fresh produce for catering, cleaning supplies, uniforms,
office supplies, and various maintenance services from local ven-
dors. This directly injects revenue into the local economy and sup-
ports small and medium-sized enterprises (SMEs).

Environmental Stewardship and Resource Management:

Advanced Waste Management: Airports generate substantial
waste. Implementing efficient BOH waste management systems
(segregation, recycling, composting, waste-to-energy plants) di-
rectly reduces the burden on municipal landfills and improves lo-
cal environmental quality. The concept of a circular economy (as
seen in Part IV: Planet) is often executed through BOH waste pro-
cessing.

Sustainable Utilities: Strategic O&M of BOH systems impacts
broader resource use. Efficient HVAC systems, smart lighting, and
water recycling within terminals (managed BOH) reduce demand
on city utilities. On-site renewable energy generation (solar farms
on airside land or rooftops) not only powers the airport but can al-
so feed surplus clean energy back into the local grid, reducing the
city's overall carbon footprint, as discussed in "Adaptive Reuse &
Greenfield Strategies."

Noise and air quality: monitor exposure, publish meaningful
results and coordinate land use and mitigation with surrounding
authorities. Landscaping can provide amenity but does not replace
noise control, compatible development or measures to reduce
emissions at source.

Enhanced Safety, Security, and Emergency Prepared-
ness:

Emergency coordination: mutual-aid arrangements can con-
nect airport and municipal services. Any external deployment
must preserve the airport's required rescue and firefighting capa-
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bility and follow agreed command arrangements; it is not a gen-
eral reserve of equipment available without restriction.

Security cooperation requires a defined lawful purpose, appropri-
ate access controls and accountable information sharing. Airport
surveillance should not be assumed to justify unrestricted moni-
toring of surrounding communities.

Cargo and Logistics Hubs with Regional Impact:

The development of airside cargo complexes and logistics parks
(often part of aerocity concepts) directly impacts local communi-
ties. These facilities facilitate the efficient movement of goods, en-
abling local businesses to access national and international
markets, boosting regional trade and economic diversification.
They create employment in warehousing, freight forwarding, and
cold chain management. For instance, the Bengaluru airport's
dedicated domestic cargo terminal for e-commerce streamlines
delivery for the city's consumers and creates local logistics jobs.

Airport City (Aerocity) Back-End Integration:

« The BOH functions of airport cities (hotels, convention centres,
retail complexes) extend beyond the passenger terminal to serve
non-flying city residents. These require extensive infrastructure
for utilities, security, and maintenance, creating significant local
employment and supply chain opportunities.

The quality of back-of-house planning is visible in reliable ser-
vice, safe work and the condition of facilities over time. Procure-
ment and operating budgets should recognise these outcomes. An
inclusive airport must be a workable place for its staff as well as a
welcoming place for its passengers.
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CHAPTER 24

Inclusive design and local
participation

Inclusion is tested where a journey becomes difficult: the
change of level, the unreadable sign, the long wait for assistance or
the last bus after a late shift. A compliant drawing is only the start-
ing point. Passengers and staff with different abilities must be able
to use the completed airport with dignity.

Accessibility for All: Designing for Every Passenger

Inclusive design in airports ensures that the physical and digital
environments are usable by people with the widest range of abili-
ties, including those with disabilities (visible and invisible), sen-
iors, families with young children, and individuals requiring
special assistance. This goes beyond regulatory minimums to cre-
ate a universally welcoming and frictionless travel experience.

Physical Accessibility:

« Barrier-Free Pathways: Smooth, wide, and clutter-free
walkways, ramps with gentle slopes, and sufficient space for
wheelchairs and mobility aids in all areas — from drop-off
points, through check-in, security, retail, and boarding gates.

« Sensory Navigation: Tactile paving for visually impaired pas-
sengers (guiding to key points), contrasting colors for visual
clarity, braille signage, and audible announcements coordinated
with visual displays.

« Accessible Facilities: Thoughtfully designed restrooms with
accessible stalls, adult changing facilities, comfortable and var-
ied seating options with armrests and ample space, and accessi-
ble check-in counters and kiosks.

» Specialized Equipment: Availability and proper mainte-
nance of wheelchairs, ambulifts, and accessible vehicles for air-
side transfers.

« Design for Cognitive Needs: Clear, intuitive wayfinding,
simplified information displays, and consistent layouts to re-
duce cognitive load and anxiety for passengers with cognitive
impairments or those unfamiliar with airport processes.
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« Assistance Services: Readily available and well-trained per-
sonnel for Persons with Reduced Mobility (PRM) assistance, in-
cluding priority boarding and support throughout the journey.

+ Rest Areas and Quiet Zones: Designated areas for rest and
sensory relief, particularly important for passengers with autism
or other neurodivergent conditions.

Digital Accessibility:

 Accessible Digital Platforms: Airport websites and mobile
apps (e.g., DigiYatra interface) designed with screen reader
compatibility, adjustable font sizes, and clear navigation, adher-
ing to international web accessibility standards (WCAG).

+ Real-time, Multi-Format Information: Providing flight in-
formation, gate changes, and baggage claim details through
multiple channels — visual screens, audio announcements, and
app notifications — to cater to diverse needs.

Digital assistance should offer a clear route to trained staff. Auto-

mated responses must not be the only way to request essential

help or report a service failure.

+ Indian Context & Initiatives: Indian airports are increasing-
ly focusing on inclusive design.

» "Accessible India Campaign" (Sugamya Bharat Abhi-
yan): A national initiative promoting universal accessibility, ex-
tending its principles to public infrastructure including airports.

Assistance should be available independently of biometric enrol-
ment. Where passengers choose to share information about an ac-
cess need, collect only what is necessary and make the process
easy to understand and withdraw from.

 Specific Examples: Major airports like Delhi (IGIA), Mumbai
(CSMIA), and Bengaluru (BLR) have implemented tactile path-
ways, accessible washrooms, and dedicated PRM services.
Awareness campaigns and staff training are also critical.

Empowering Staff: The Airport as a Conducive
Workplace

Airport staff — from security personnel and ground handlers to re-
tail associates and cleaners — are the backbone of airport opera-
tions and the frontline of passenger experience. Their well-being,
training, and empowerment are critical for efficient operations
and a positive community image.
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Conducive Working Environment:

« Ergonomic Design: Designing workspaces in BOH and air-
side for safety and comfort, reducing physical strain for manual
tasks.

« Breaks and Rest Facilities: Providing adequate and com-
fortable break rooms, rest areas, and healthy F&B options for
staff, especially those working long or unconventional hours.

« Hygiene and Sanitation: Maintaining high standards of
cleanliness and sanitation in all staff-only areas.

Training and Skill Development:

« Continuous Learning: Implementing ongoing training pro-
grammes covering technical skills, customer service, security
protocols, and cultural sensitivity.

« Career Progression: Providing clear pathways for skill up-
gradation and career advancement, motivating staff and reduc-
ing attrition.

- Digital Literacy: Training staff on new digital tools and tech-
nologies (e.g., DigiYatra, smart management systems) to ensure
they can effectively operate modern airport systems.

Safety and Well-being Programmes:

+ Robust Safety Protocols: Implementing stringent safety
procedures and providing necessary protective equipment for all
airside and BOH operations.

« Health Initiatives: Offering wellness programmes, access to
medical facilities, and mental health support for employees.

 Fair Labor Practices: Ensuring fair wages, reasonable work-
ing hours, and a respectful work environment.

Recognition and Engagement:

« Fostering a culture of appreciation and recognition for staff con-
tributions. Engaging employees in decision-making processes
related to their work environment and operational improve-
ments.

Local Business Engagement: Fostering a Shared
Ecosystem

Airports, especially in Tier 2 cities, have a unique opportunity to
act as economic accelerators for their immediate communities by
actively engaging local businesses, artisans, and entrepreneurs.
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Local Procurement and Supply Chains:

« Prioritising Local Sourcing: Actively procure goods and
services (e.g., F&B supplies, cleaning services, maintenance con-
tractors, construction materials) from local businesses where
quality and competitive pricing are met. This injects capital di-
rectly into the local economy.

» Tailored Concessions: Creating opportunities for local F&B
vendors to offer regional cuisines within the terminal, alongside
international brands.

Showcasing Local Products and Crafts:

+ Dedicated Retail Spaces: Designating specific retail areas for
local handicrafts, textiles, and specialty products, providing lo-
cal artisans and SMEs access to a high-volume market. This not
only supports local livelihoods but also enriches the passenger
experience with authentic cultural offerings.

« Pop-up Stores and Marketplaces: Organizing temporary
pop-up stores or seasonal marketplaces featuring local prod-
ucts, allowing smaller businesses to test the airport market
without long-term commitments.

Skill Development and Entrepreneurship Support:

« Training Programmes: Collaborating with local educational
institutions to create training programmes that align local skills
with airport employment needs.

« Business Mentorship: Offering mentorship programmes or
business incubation support for local entrepreneurs looking to
establish services within the airport ecosystem.

Community Partnership in Services:

« Local Transport Providers: Integrating local taxi and auto-
rickshaw services into the ground transport system, providing
them fair access and designated pick-up points.

 Cultural Programmes: Engaging local artists, performers,
and cultural organisations to showcase regional art and heritage
within the airport, as discussed in "Airport as Cultural Hub."
Measure inclusion through completed journeys and working

conditions, not the presence of a ramp or a policy document alone.

Publish assistance reliability, accessibility defects and corrective

action. Health, safety and community engagement extend this re-

sponsibility beyond the passenger route.
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CHAPTER 25

Health, safety and community
engagement

An airport's public obligations include safe operations, appropri-
ate health services and a continuing relationship with its neigh-
bours. These responsibilities belong in budgets, contracts and
operating plans. They cannot be replaced by a community pro-
gramme that leaves the underlying harm unaddressed.

Prioritising Health: From Passenger Well-being to
Environmental Health

Airport health initiatives encompass a broad spectrum, addressing
the well-being of passengers, staff, and the broader environmental
health of the region.

Passenger Health and Medical Services:

Medical provision should match the airport's operating pattern,
risk assessment and applicable requirements. Define the response
capability, trained staffing, equipment and transfer arrangements
with local health services. Do not assume every airport can or
should provide the same clinical service.

Public-health preparedness requires coordination with the compe-
tent health authorities and the applicable International Health
Regulations framework. Screening, isolation and testing should
follow current evidence and authorised protocols; they should not
be adopted as permanent architectural features without a defined
need.
 Air Quality Monitoring (Indoor): Maintaining high indoor
air quality within terminals is crucial for passenger and staff
health, managed through advanced HVAC systems and real-
time air quality sensors.

« Water and Sanitation: Ensuring access to safe drinking wa-
ter and maintaining impeccable hygiene standards in restrooms
and F&B outlets are foundational health measures.

Separating airport health duties from community healthcare
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« Currently, Airport Health Organisations (APHOs) under the Di-
rectorate General of Health Services (Ministry of Health and
Family Welfare) primarily focus on public health surveillance at
Points of Entry (POE), health clearance, and emergency re-
sponses related to airport activities.

« However, future "Nation First" airports, particularly those lo-
cated in Tier 2 cities or serving large urban agglomerations with
growing populations, can unlock immense community value by
expanding the role of their on-site medical facilities.

A community clinic in an accessible landside precinct may be
worth evaluating, but it is a separate healthcare proposition. It
should not be presented as a routine conversion of an Airport
Health Organisation, whose statutory functions must remain pro-
tected. The clinic would require its own clinical governance, licens-
ing, staff, funding and demand assessment.

Rationale and Benefits for the Community:

« Bridging Healthcare Gaps: Many areas adjacent to airports,
especially in developing regions, may lack adequate primary or
secondary healthcare infrastructure. An airport-based facility
could fill this critical gap, providing accessible and quality medi-
cal care.

Existing medical space may offer some shared infrastructure, but a
broader service cannot be assumed to use the same staff and
equipment without affecting emergency readiness. Compare a
dedicated community facility with partnerships and referral ar-
rangements before expanding scope.

Any additional clinical service should fit the regional emergency
plan. Its value depends on access, staffing and coordination; loca-
tion within an airport precinct does not itself make it an effective
disaster-response facility.

Economic & Social Integration: It generates more high-skill
medical employment opportunities for local residents and enhanc-
es the overall quality of life in the airport's catchment area, making
the airport a more attractive place to live and work. It aligns with
national initiatives like Ayushman Bharat Digital Mission (ABDM)
and PM Ayushman Bharat Health Infrastructure Mission (PM-
ABHIM) by expanding healthcare access and digital health record
linkages.
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Challenges and Considerations:

« Regulatory Alignment: Obtaining necessary licenses and
navigating medical regulations for operating a public hospital
within an airport precinct would require new policy frameworks
and inter-ministerial coordination.

« Funding Model: Developing sustainable financial models
(e.g., public-private partnerships for healthcare, fee-for-service,
or integration with national health schemes like Ayushman Bha-
rat) is crucial.

+ Access and Security Management: Designing secure yet
easily accessible entry points for outpatient public, separate
from secure airport zones, is critical.

« Capacity Balancing: Ensuring the facility can effectively
manage both routine outpatient demand and maintain immedi-
ate readiness for aviation-specific emergencies without com-
promise.

Staff Health and Occupational Well-being:

« Occupational Health Services: Providing regular health
check-ups, ergonomic assessments for strenuous jobs (e.g., bag-
gage handling), and medical support tailored to the demands of
airport work.

+ Wellness Programmes: Offering stress management, nutri-
tion counseling, and fitness programmes to promote holistic
well-being among the diverse airport workforce.

« Mental Health Support: Recognizing the demanding nature
of airport roles, providing access to counseling services and
mental health resources for staff.

Community Environmental Health Impact:

Noise management should combine monitoring, compatible land
use, mitigation and transparent consultation. Operational
measures must be assessed by the responsible aviation authorities.

Planting can improve amenity but should not be represented as a

general solution to aircraft noise.

« Air Quality Monitoring (Outdoor): Monitoring ambient air
quality around the airport perimeter for pollutants from aircraft
and ground vehicles. Initiatives to shift to electric ground sup-
port equipment (eGSE) and cleaner fuel alternatives aim to re-
duce local emissions.
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« Water Resource Management: Implementing sustainable
practices like rainwater harvesting and groundwater recharge
(as highlighted in Part III's introduction and "Adaptive Reuse"
chapter) directly benefits local communities by contributing to
regional water security and flood control.

Ensuring Safety: A Multi-Layered Approach to
Security and Operational Integrity

Safety is non-negotiable in aviation. Airports implement multi-
layered safety and security protocols that protect not just those
within their perimeters but also contribute to the broader safety of
the community.

Airport Operational Safety:

« Airside Safety: Meticulous management of runways, taxiways,
and aprons to prevent Foreign Object Debris (FOD), bird strikes
(wildlife management), and ground collisions. This includes
regular inspections and adherence to international best practic-
es.

Rescue and firefighting provision must meet the airport's required
capability and readiness. Mutual aid with local services should be
formally planned without reducing the protection required for air-
craft operations.

Disaster Management: Airports serve as vital logistical hubs
during natural disasters (floods, earthquakes) or humanitarian
crises. Their ability to rapidly process aid flights, coordinate relief
efforts, and mobilize personnel makes them indispensable assets
for community resilience and national response. The Indian Air
Force's (IAF) presence at many civil enclaves further enhances this
capability.

Passenger and Facility Security:

Aviation security uses authorised screening, access control and
other measures. A biometric identity service is not a replacement
for security screening. New equipment and procedures must be
accepted by the responsible security authorities before operational
use.

Crowd management needs adequate space, trained staff, clear in-
formation and workable contingency plans. Analytics may support
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early intervention but cannot guarantee that unsafe crowd condi-
tions will not arise.

« Cybersecurity: Protecting critical airport IT infrastructure
and passenger data from cyber threats is critical for operational
continuity and national security, ensuring safety even in the dig-
ital realm.

Community Safety & Drone Management:

Airports actively engage with local authorities on zoning laws
around the airport to prevent hazardous developments. They also
play a crucial role in managing drone activity, ensuring unauthor-
ized drones do not pose risks to flight operations or public safety
in the surrounding airspace.

Proactive Community Engagement Programmes:
Building Social License and Shared Prosperity

Beyond direct operational impacts, airports foster positive rela-
tionships with their surrounding communities through deliberate
and sustained engagement programmes. This builds trust, ad-
dresses local concerns, and ensures shared benefits.

Dialogue and Transparency:

+ Community Consultative Committees (CCCs): Establish-
ing regular forums where airport management, local residents,
community leaders, and government representatives can openly
discuss airport operations, expansion plans, noise concerns, and
community initiatives.

« Grievance Redressal Mechanisms: Providing clear, acces-
sible channels for community members to raise concerns and
receive timely responses.

+ Public Information Campaigns: Transparently communi-
cating airport development plans, environmental performance
data, and job opportunities to local communities.

Corporate Social Responsibility (CSR) and Local Devel-

opment:

+ Education and Skill Development: Sponsoring local
schools, offering scholarships, setting up vocational training
centres (as discussed in 'Inclusive Design') to prepare local
youth for airport and aviation-related jobs. Airports often sup-
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port ITI (Industrial Training Institute) programmes in their vi-
cinity.

« Environmental Conservation Projects: Investing in local
environmental initiatives, such as tree plantation drives, water
body rejuvenation, or waste management programmes, beyond
the airport's direct perimeter.

« Infrastructure Support: Contributing to the development or
upgrade of local roads, drainage systems, or community facili-
ties as part of their CSR mandates.

« Support for Local Livelihoods: Actively supporting local
farmers, artisans, and small businesses through preferential
sourcing for airport F&B or retail, and by creating marketplaces
for local crafts.

Cultural and Social Integration:

+ Local Cultural Events: Sponsoring or hosting local festivals,
art exhibitions, and cultural performances, transforming parts
of the airport into public spaces that celebrate regional identity
(as seen in "Airport as Cultural Hub").

« Volunteer Programmes: Encouraging airport employees to
participate in local community service and volunteer initiatives,
fostering a sense of shared responsibility.

Community engagement becomes credible when concerns
change decisions and when commitments survive changes of con-
tractor or operator. Publish the obligations, responses and out-
comes. The following comparisons turn that principle into
questions for different airport settings.
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CHAPTER 26

Five airport settings and the
questions they raise

India's recent terminals provide strong examples of cultural ex-
pression, improved passenger facilities and ambitious environ-
mental design. The CFCPD question is how to extend those
achievements into the full airport system. The following settings
are analytical types, not ratings of particular operators. They allow
the reader to test a local project without confusing an attractive
building with a demonstrated social or economic outcome.

The established metropolitan gateway

A large city airport may already have airlines, transfer traffic,
commercial demand and public transport. Its challenge is to im-
prove service while keeping an operating system open. Expansion
can disrupt the very connectivity that justifies the investment.
Terminal projects, access works and airside changes therefore
need a common phasing and readiness plan.

An adjoining hotel or business district can create useful em-
ployment and revenue. Its public value depends on who can reach
it, whether local businesses can participate and how benefits are
shared. The hard question is whether the precinct serves the wider
city or merely captures spending from people already able to pay
premium prices.

The constrained urban airport

An airport surrounded by a dense city must work within difficult
land, noise and surface-access constraints. Better operations and
selective reuse may be more valuable than a larger terminal. A
headline movement record does not establish sustainable capacity
under adverse weather, maintenance or disruption.

Cultural architecture can create distinction within these limits,
but does not resolve environmental exposure or the need for relia-
ble access. The policy question is how much capacity the site can
responsibly support, and when the region should invest elsewhere
without stranding existing assets or splitting useful connections.
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The garden terminal

A terminal organised around gardens, daylight and regional mate-
rials can make waiting more pleasant and connect an airport with
local identity. Its long-term success depends on horticulture, irri-
gation, cleaning, pest management and access for maintenance. A
visual concept becomes public value only if it remains comfortable
and well cared for.

The environmental case must compare water, energy and mate-
rial impacts with a credible alternative. Planting cannot stand in
for a carbon inventory, and certification must be distinguished
from measured operation. The question is whether the experience
can be sustained without shifting excessive cost or resource use
elsewhere.

The growing regional gateway

A regional airport may serve tourism, education, industry and
family travel without becoming a long-haul hub. Its priorities can
include reliable frequencies, useful connections, affordable access
and a terminal that is straightforward to operate. National bench-
marks should not force it to build the commercial or architectural
programme of a metropolitan gateway.

The community test is whether improved connectivity is durable
and accessible. Report services that continue to operate, fares and
travel times that people can actually use, and the quality of jobs
created. Expansion announcements and property appreciation
alone do not answer that test.

The distant greenfield airport

Large reserve land offers space for phased growth, runway protec-
tion, utilities and compatible commercial uses. Distance from an
established city may also mean long access journeys, thin early
demand and difficult staff recruitment. Both conditions can be
true: the land is strategically valuable, and the airport still needs a
convincing near-term service proposition.

The airport should open with dependable surface access rather
than rely on a future rail line to make its present location accepta-
ble. Assess total door-to-door time, fares, service hours and dis-
ruption. A wide catchment drawn as a circle is less useful than an
honest map of who can reach the terminal when flights operate.
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Reserve land should be protected for aviation and environmen-
tal functions, with reversible interim uses only where compatible.
A second airport can serve a different catchment and relieve con-
straints, but it does not become part of a single transfer hub simp-
ly by sharing the name of a metropolitan region.

Government, operator and airlines must align access invest-
ment, permitted services and commercial incentives. The question
is not whether the airport has enough land to become large. It is
whether the surrounding policies make its next phase useful, af-
fordable and supportable.

Community: the measure of success

The public value of an airport includes the experience of using it
and the conditions of living and working around it. Clear routes,
reliable access, appropriate assistance, fair employment and envi-
ronmental care translate the manifesto into everyday life. These
commitments lead directly to the Planet pillar: the airport must
remain useful without transferring excessive burdens to its neigh-
bours or future generations.
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PART IV
Planet

Airports for Climate and Environmental Resilience

CHAPTER 27

Airport energy: generation,
demand and resilience

An airport should establish its energy strategy before its major
loads and utility interfaces are fixed. Demand reduction comes
first, followed by a reliable supply mix that may include on-site re-
newables, purchased renewable electricity, storage and approved
backup systems. The objective is dependable low-carbon service,
not self-sufficiency as a slogan.

The Strategic Imperative of On-Site Power
Generation

The rationale for airports to embrace self-sufficient electricity gen-
eration is multifaceted, driven by both environmental responsibil-
ity and hard economic and operational realities:

Energy security: on-site generation may improve resilience, but
solar panels do not by themselves maintain power during a grid
outage. Islanding capability, protection, storage, backup supply
and load priorities require a designed and tested system.
Reducing Dependency on External Grids: By producing
their own power, airports lessen their load on often-strained re-
gional and national grids. This reduces transmission losses, con-
tributes to grid stability, and frees up grid capacity for other
essential urban and industrial needs. For developing nations like
India, where grid infrastructure might still be evolving in certain
regions, this self-reliance is a significant advantage.

Renewable electricity can reduce the emissions associated with
airport-controlled operations where the generation and account-
ing arrangements are credible. Report the boundary, time period
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and residual sources clearly. Airport electricity achievements do
not establish net-zero aircraft operations.

Enabling Cost Control and Financial Predictability, Especially for
Core Operational Loads: Investing in on-site renewable energy
(e.g., solar farms) provides long-term cost stability by locking in
energy prices and reducing exposure to volatile fossil fuel markets
and rising electricity tariffs. This is particularly crucial for fixed,
essential loads:

Essential systems: airfield lighting, navigation and control
equipment have defined continuity and changeover requirements.
Renewable generation may contribute energy, but those safety re-
quirements determine the backup architecture. Savings must be
assessed against the actual operating duty and tariff, not assumed
from annual passenger numbers.

Ensuring Operational Resilience During Grid Failures or
Disasters: In the face of natural disasters, cybersecurity threats
to national grids, or localized power failures, an airport with ro-
bust on-site power generation (especially combined with battery
storage) can maintain critical operations (ATC, runway lighting,
security systems, basic terminal functions). This ensures continui-
ty of essential services, facilitating emergency response and hu-
manitarian aid, thereby strengthening the 'Community' pillar's
resilience aspect.

Primary Technologies for On-Site Generation

Solar PV can use suitable roofs, car parks and land, subject to
structural capacity, glare assessment, obstacle protection, electri-
cal safety, access and future development needs. No airside parcel
should be treated as available merely because it appears vacant.
Cochin's solar programme offers a useful example of matching re-
newable generation with airport demand and grid arrangements.
The transferable lesson is to define the accounting boundary: an-
nual renewable generation equal to consumption is different from
continuous off-grid supply. Each airport must establish its own
technical and commercial case.

Wind generation requires particular caution near airports because
of obstacle, turbulence, radar and other aviation constraints. Off-
site renewable procurement may be more appropriate than tur-
bines on airport land.
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Energy recovery from residual waste is an option only after pre-
vention, reuse and recycling have been assessed. Feedstock, emis-
sions controls, aviation compatibility, permits and economics
determine suitability; it is not inherently a clean or economical
power source.

» Fuel Cells (Future Integration with Hydrogen): As the
hydrogen supply chain for aviation develops (as detailed in Part
IT), hydrogen fuel cells can provide clean, on-demand electricity
for airport operations, becoming a crucial component of a diver-
sified energy mix.

Visionary Model: Tier 2 Airports as Decentralized
Green Power Hubs

Building on the success of pioneering airports like CIAL, a trans-
formative model for India's future lies in strategically enabling Ti-
er 2 airports to become significant contributors of green energy to
the national grid. This vision leverages the unique advantages of
regional airports to create a win-win for environmental sustaina-
bility, regional development, and financial viability.

A portfolio owner can assess suitable renewable-energy sites
across its airports and coordinate procurement. Screening must
include aviation safeguards, grid capacity, land rights, environ-
mental conditions and future expansion. Local approvals and re-
sponsibilities remain necessary.

A portfolio programme should publish installed capacity, actual
generation and the share of demand supplied separately. An an-
nounced target is not evidence of operating output.

Grid Contribution and Net Metering: Once generated, the
on-site power would not just serve the airport's consumption but
would be significantly contributed to the local and regional grid.
This requires robust net-metering policies or Power Purchase
Agreements (PPAs), allowing airports to sell surplus green energy
back to distribution companies, creating a new, stable, and sus-
tainable revenue stream. This revenue can further enhance the fi-
nancial viability of these Tier 2 airports, making them more
attractive for future private investment.

Construction energy should be planned alongside permanent utili-
ties. Where feasible, renewable assets or supply contracts can
serve both construction and later operations. Capacity must follow
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a load study, construction sequence and safe connection plan ra-
ther than a standard megawatt allowance per terminal.

This can be effectively achieved by allowing specialized Renewable
Energy Service Companies (RESCOs) to provide this green con-
struction power. Under a short-term RESCO model, the RESCO
developer bears the entire upfront cost of installing, operating,
and maintaining the solar (or other renewable) power plant on
airport land. The airport developer (or construction contractor)
simply pays a pre-decided, often lower, tariff for the electricity
consumed.

Any transition from construction supply to operational service
needs commissioning, metering, protection and contractual ar-
rangements designed in advance. Electric vehicle and ground-
equipment charging should be modelled by fleet duty cycle and
charging window, not inferred from annual passenger capacity
alone.

Benefits of RESCO for Green Construction Power:
Third-party finance can reduce the airport's initial capital outlay,
but the cost remains in tariffs, lease commitments or other con-
tractual payments. Compare the whole-life obligation and termi-
nation terms with direct ownership.

« Rapid Deployment: RESCOs specialize in quick installation
of portable or temporary solar solutions, ensuring power is
available when construction begins.

« Expert Management: The RESCO company handles all oper-
ations and maintenance of the temporary green power plant,
freeing the airport's project team to focus on core construction.

Lower-carbon construction energy can reduce emissions within

the stated project boundary. It does not by itself establish a net-
positive impact for the airport or surrounding city.

« Financial Flexibility: This model aligns with the "frugality"
principle by ensuring efficient use of resources and avoids lock-
ing in capital for temporary needs.

« Pre-Privatization Framework: This green power generation
framework should ideally be developed and formalized by AAI
before privatization efforts or the drawing of definitive conces-
sion agreements for these Tier 2 airports.

A credible energy arrangement can reduce uncertainty for a con-
cessionaire. Poorly allocated price, curtailment, access or termina-
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tion risk can do the opposite; the contract must be examined
alongside the installed assets.

+ Incentivizing Sustainability: This pre-planning ensures that
sustainability is not an optional add-on for the private operator
but an inherent, commerecially viable feature of the airport asset.

» Consultation: As discussed in Part II, consultation with pri-
vate airport operators during this masterplanning phase for
feedback and course correction would be crucial to ensure the
model is practical and attractive.

Benefits:

+ Accelerated Decarbonization: Rapidly scales up renewable
energy generation across India's growing airport network.

« Enhanced Energy Security & Grid Stability: Creates dis-
tributed energy sources, supporting regional grids.

+ Cost Control & New Revenue: Reduces operational costs for
airports and generates income from power sales.

« Sustainable Regional Development: Supports the econom-
ic growth of Tier 2 cities with clean energy infrastructure.

+ "Green'" Construction: Reduces the environmental impact of
the massive infrastructure development phase itself.

Public and private value depends on clear allocation of land, sup-

ply, payment and operating obligations, not merely the presence of

a renewable installation.

Energy strategy connects finance, resilience and environmental
responsibility. Measure the service delivered, the carbon boundary
and the total cost, then revise the plan as loads change. Future
fuels require the same discipline, with greater allowance for uncer-
tainty.
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CHAPTER 28

Hydrogen readiness, net zero and
resilient infrastructure

Decarbonisation and climate adaptation are related but different
tasks. An airport must reduce its own impacts while preparing for
heat, flooding, storms and supply disruption. Future-fuel readi-
ness should support those tasks without displacing investments in
proven efficiency and resilience.

The Decarbonization Imperative: Towards
Hydrogen-Ready Infrastructure

ICAO's long-term aspirational goal concerns net-zero carbon

emissions from international aviation by 2050. It should not be

confused with a claim that airport operations or aircraft already
have no climate impact. Sustainable aviation fuels, operational
improvements and emerging propulsion pathways each have dis-
tinct lifecycle and infrastructure implications. [4]

Hydrogen contains more energy per unit mass than conventional
jet fuel but much less per unit volume. Storage systems, insulation
and aircraft configuration therefore matter. Combustion produces
water and may produce nitrogen oxides; hydrogen should not be
described as eliminating all in-flight climate effects. Commercial
deployment dates remain uncertain.

« Airport Infrastructure Requirements: The transition to
hydrogen demands significant ground infrastructure adapta-
tion.

Production: compare delivered hydrogen with on-site produc-

tion using the required electricity, water, land, permits and eco-
nomics. An airport location does not automatically make
electrolysis the preferred option.

Storage requirements depend on the aircraft and supply system.

Liquid hydrogen requires cryogenic handling, while gaseous sys-

tems require an appropriate pressure regime. Detailed storage,
separation and protection requirements belong to a project-
specific safety case and the competent authorities.

Distribution: assess dedicated vehicles and infrastructure

against demand, operating interfaces and safety requirements. Ex-
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isting fuel or gas pipelines cannot be assumed suitable for hydro-

gen without a specific materials, integrity and approval assess-

ment.

+ Refueling Systems: Development of specialized, automated,
and safe hydrogen refueling systems for aircraft, distinct from
traditional jet fuel hydrants. This will require new equipment
and procedures to address challenges like frostbite, leaks, spills,
and fires.

« Ground Support Equipment (GSE) Conversion: Phased
transition of airport ground vehicles and equipment (e.g., bag-
gage belts, aircraft pushback vehicles, passenger/cargo ground
transportation) to hydrogen fuel cells or electric power, utilizing
the same hydrogen supply chain.

Phased Approach to "Hydrogen-Readiness': Airports can
become hydrogen-ready incrementally:

 Feasibility Studies & Masterplanning: Assess future hy-
drogen demand, viable production methods, and land require-
ments for infrastructure integration, including safety
separation.

« Early Adopter Programmes: Partner with airlines and en-
ergy companies to pilot hydrogen-fueled GSE or smaller test fa-
cilities (e.g., the Airbus-easyJet-Gatwick Airport collaboration).

+ Dedicated Infrastructure Zones: Allocate specific zones
within the airport masterplan for future hydrogen production,
storage, and refueling facilities, ensuring safety separation from
other operations. Modular hydrogen storage solutions can allow
for incremental investment.

« Regulatory Preparedness: Collaborate with regulators to
develop safety standards and operational protocols for hydrogen
handling in an airport environment.

Policy support may help develop green-hydrogen supply chains,
but an airport still needs a project-specific case. Confirm eligibil-
ity, demand, delivered cost, lifecycle emissions, safety require-
ments and the durability of any support before investing.

The Net-Zero Imperative: Decarbonizing Airport
Operations

A net-zero claim must specify gases, organisational boundary,
scopes, baseline year and treatment of residual emissions. Reduce
emissions deeply before considering credible removals for the re-
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sidual. A purchase of avoided-emissions credits is not inter-
changeable with every net-zero standard's removal requirements.

Key Strategies for Net Zero (beyond on-site electricity):

« Energy Efficiency: Implementing advanced building man-
agement systems (BMS), high-efficiency HVAC, smart lighting
(LEDs), and optimizing building envelopes (insulation, glazing)
to drastically reduce energy consumption. GMR Airports, for
example, have incorporated energy-efficient terminals with nat-
ural lighting and optimised ventilation.

Sustainable aviation fuel (SAF) supply should follow the approved
fuel specification and the relevant national requirements. Certified
blends may use existing compatible distribution systems; an air-
port does not necessarily need its own blending plant. Traceability,
quality assurance and lifecycle accounting are essential.

+ Electrification of Ground Operations: Rapid transition of
ground support equipment (GSE), airport buses, and other op-
erational vehicles to electric power, supported by robust charg-
ing infrastructure. GMR Airports are phasing out diesel-
powered vehicles for electric GSE and exploring hydrogen alter-
natives for ground vehicles.

Preventing and recovering waste can reduce environmental im-
pact. Energy recovery is a residual option, not a substitute for
waste reduction, and requires appropriate emissions controls and
permissions.
Embodied Carbon Reduction: Focus on selecting construction
materials with low embodied carbon (e.g., recycled content like re-
cycled concrete for blocks, pavers; other alternative materials like
autoclaved aerated concrete (AAC) blocks; local materials like ter-
racotta and bamboo) and optimizing construction processes to re-
duce emissions from building materials and construction
activities. India's significant urban infrastructure development by
2047 offers immense scope for low-carbon construction.
Residual emissions: use the treatment required by the chosen
credible framework and disclose the role of credits or removals.
Do not describe an offset purchase as a reduction in the airport's
own physical emissions.

« Smart Technology for Emission Reduction: Al-driven
energy management systems, IoT-enabled infrastructure for re-
al-time emissions data, and advanced Air Traffic Management
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(ATM) systems for optimised flight routing all contribute to
minimising emissions.

+ Airport Carbon Accreditation (ACA): This global certifica-
tion programme provides a common framework for airports to
manage and reduce their carbon footprint. Indian airports are
actively participating and leading the way in Asia:

Airport Carbon Accreditation distinguishes Level 4 Transfor-
mation, Level 4+ Transition and Level 5. Level 5 requires a main-
tained net-zero balance for Scopes 1 and 2, substantial absolute
reductions and action on relevant Scope 3 emissions. Accredita-
tion of an airport operator does not mean that all flights using that

airport are net zero. [5]

« These certifications demonstrate concrete commitments, pro-
vide a pathway for achieving net-zero goals, and establish In-
dia's pioneering role in airport decarbonization.

Building Resilient Infrastructure: Adapting to
Climate Impacts

Climate assessment must be site-specific and forward-looking.
Historical design data alone may not capture future heat, extreme
rainfall, coastal exposure or water stress. Evaluate critical assets
and interdependent systems, including the roads, grid and work-
force on which airport recovery depends.

Climate Risk Assessment: Conduct comprehensive vulnerabil-
ity assessments (e.g., Periodic Vulnerability Assessments - PVAs)
to identify specific climate risks (e.g., flood plains, high wind
zones, extreme heat exposure, sea-level rise for coastal airports)
relevant to the airport's location. A thorough understanding of
such probable impacts is crucial to avert disruptions.

Adaptive Design and Engineering:

» Flood Control: Designing advanced drainage systems, elevat-
ed critical infrastructure (runways, power stations, ground op-
erations equipment), and implementing permeable surfaces to
manage heavy rainfall and prevent flooding (recharging
groundwater and aiding city flood control, as noted in Part III).

Heat resilience should address workers, passengers, plant capaci-
ty, pavement performance and aircraft operating limitations. Ma-
terials and coatings must meet aviation and structural
requirements; reflective treatments should not be prescribed for
runways without appropriate testing and approval.
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« Wind and Storm Resistance: Designing buildings and air-
side structures to withstand higher wind speeds and intense
storms.

« Sea-Level Rise Protection: For coastal airports (e.g., Mum-
bai, Chennai), implementing protective measures like sea walls
or elevating critical infrastructure.

Nature-based measures can contribute to cooling and drainage
where compatible with aviation safety. Planting and water features
must be assessed for wildlife attraction, maintenance and hydrau-
lic performance before being integrated near operational areas.
Operational Resilience: Developing robust operational proto-
cols and contingency plans for extreme weather events, ensuring
rapid recovery and continuity of essential services (e.g., Delhi Air-
port remained operational for rescue missions during COVID-19
lockdowns). This includes enhanced hydro-meteorological systems
for weather forecasting and integrated emergency response train-
ing.

 Diversified Energy and Water Supply: As discussed, on-
site energy generation (including microgrids) and water recy-
cling systems are crucial for maintaining operations during grid
or water supply disruptions caused by climate events.

« Financial Planning for Resilience: Integrating climate risk
into financial planning, including comprehensive risk assess-
ments for critical infrastructure sectors. Financing research and
development of climate-proof technologies and materials is also
vital.

A resilient airport states which service it can maintain under
which conditions, how it will recover and what remains vulnera-
ble. Hydrogen safeguarding, carbon reduction and adaptation
must each pass that practical test. Everyday building and water
decisions make the strategy tangible.
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CHAPTER 29

Thermal comfort, water and
embodied carbon

Thermal comfort, energy, water and materials are linked design
decisions. A glazed hall may increase daylight and cooling demand
at the same time; a landscape may improve amenity while increas-
ing water use. The task is to assess these effects together over the
building's life.

Thermal Comfort: A Foundation for Passenger Well-
being and Energy Efficiency

Thermal comfort refers to the state of mind that expresses satis-
faction with the thermal environment. Achieving this in expansive,
high-traffic airport terminals, especially in India's diverse climatic
zones (ranging from extreme heat to high humidity and winter
chill), is a significant challenge with direct implications for both
passenger experience and energy consumption.

« Rationale: Discomfort leads to dissatisfaction and, crucially,
drives higher energy consumption (e.g., increased AC usage).
Optimizing thermal comfort enhances passenger well-being, re-
duces stress, and directly impacts operational costs and carbon
footprint.

Strategies:

 Passive Design: Prioritising building orientation (to minimize
direct solar gain), optimal window-to-wall ratios, and efficient
shading devices (e.g., deep overhangs, louvers, jaali patterns in-
spired by traditional Indian architecture) to reduce heat gain
and glare.
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Comfort begins with the section

Coordinate the envelope, occupied space and building services.

SHADE ROOF

Reduce unwanted solar gain Coordinate insulation and
solar

DAYLIGHT @ scrvices

Control glare as well as light Meter demand and maintain
access

Conceptual section; not an engineering detail

Figure 19. A conceptual section links shade, roof design, controlled daylight and
building services. It is not an engineering detail; ventilation and cooling require
climate-specific design and testing.

+ High-Performance Building Envelope: Utilizing well-
insulated walls, roofs, and high-performance glazing (double or
triple-paned, low-e glass) to minimize heat transfer, keeping in-
teriors cooler in summer and warmer in winter.

Natural ventilation and daylight should be used where climate,
outdoor air quality, security and acoustic conditions permit.
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Mixed-mode design requires explicit control logic and operating
responsibility rather than an assumption that opening an atrium
reduces total energy use.

HVAC selection should follow climate, occupancy, zoning, main-
tainability and lifecycle analysis. No single system type is univer-
sally best for terminals. Humidity control, ventilation and
commissioning are as important as the nameplate efficiency of the
plant.

« Adaptive Comfort Strategies: Acknowledging that comfort
can vary with activity levels and clothing, and allowing for slight
temperature variations within acceptable ranges, rather than
maintaining a rigid setpoint, can save significant energy.

Planting may improve amenity, but it is not a replacement for
thermal or indoor-air-quality engineering. Account for irrigation,
maintenance, pest control and the environmental cost of the fea-
ture.

Energy Use: Beyond Generation to Consumption
Efficiency

While on-site power generation is crucial (as discussed in the pre-
vious chapter), equally important is minimising the total energy
consumed by the airport's vast operations. This directly impacts
operational expenditure and aligns with decarbonization targets.

« Rationale: Airports are energy-intensive due to 24/7 opera-
tions, extensive lighting, cooling/heating requirements, and
complex baggage/security systems. Efficient energy use reduces
bills, lowers emissions, and enhances grid stability.

Strategies:

« Smart Lighting Systems: Widespread adoption of energy-
efficient LED lighting with daylight harvesting controls (dim-
ming or turning off lights when sufficient natural light is availa-
ble), occupancy sensors (lighting only areas when needed), and
automated controls based on operational schedules.

« High-Efficiency Equipment: Procuring and utilizing energy-
star rated or high-efficiency equipment across all airport func-
tions — from baggage handling systems and escalators to kitchen
appliances and IT servers.
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« Advanced Energy Management Systems (EMS) and Building
Management Systems (BMS): Centralized control systems that
monitor, analyze, and optimise energy consumption across the
entire airport complex, identifying inefficiencies and opportuni-
ties for savings.

« Demand-Side Management: Implementing strategies to
shift energy consumption to off-peak hours or reduce demand
during peak periods, alleviating strain on the local grid and po-
tentially benefiting from lower electricity tariffs.

Power factor correction can reduce reactive-power demand and
associated charges or losses where applicable. It should not be
confused with an equivalent reduction in the useful energy con-
sumed by equipment.

 Integration with Renewable Energy: Maximising self-
consumption of on-site generated renewable energy before
drawing from the grid.

Water Efficiency: Conserving a Precious Resource
and Becoming a "Green Sponge"

In a water-stressed nation like India, efficient water management
at airports is not just an environmental mandate but a critical so-
cial responsibility, directly impacting local water resources and
utility costs. Furthermore, given their typically large land areas
and extensive impervious surfaces (runways, taxiways), airports
possess immense potential to act as "green sponges" for cities, sig-
nificantly contributing to urban water security and flood mitiga-
tion.
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Keep water streams distinct

Reduce demand first; match treated quality to permitted use.

RAINWATER WASTEWATER
Collect separately Collect separately
Store and treat Treat and verify

—_

Permitted non-potable reuse
Separate pipework, quality assurance and approvals are required

Figure 20. Separate collection and treatment paths can support permitted non-
potable reuse. Drinking water, discharge limits and public-health controls remain
distinct obligations.

Rationale: Airports consume significant amounts of water for re-
strooms, cooling towers, landscaping, and F&B operations. Effi-
cient management reduces strain on municipal water supplies and
lowers operational costs. Critically, their vast impervious surfaces
generate large volumes of stormwater runoff, which, if not man-
aged, can contribute to urban flooding and degrade water quality.
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Comprehensive Strategies for Water Management (Be-
yond Recycling & Reuse):

« Low-Flow Fixtures: Installing water-efficient faucets, toilets,
and showers throughout the terminal and back-of-house areas.

+ Greywater Recycling: Treating and reusing wastewater from
sinks and showers for non-potable applications.

Blackwater Treatment Plants: Installing on-site sewage
treatment plants (STPs) to treat wastewater to a high standard,
making it suitable for reuse in flushing, landscaping, and other
non-critical applications, further reducing reliance on fresh water.
Delhi Airport, for example, has an STP that reuses significant vol-
umes of water.

« Efficient Landscaping: Utilizing drought-resistant native
plant species, smart irrigation systems (drip irrigation, moisture
sensors), and designing landscapes that minimize water de-
mand, as exemplified by the biophilic design of BLR T2.

+ Leak Detection and Management: Implementing smart
water metering and monitoring systems to rapidly detect and
repair leaks, preventing water loss.

+ Waterless Urinals and Smart Taps: Simple yet effective
technologies for significant water savings in restrooms.

Airports as "Green Sponges" for Cities: This transformative
concept re-imaginates airport land as a critical component of a
city's ecological infrastructure, designed to absorb, filter, and
slowly release rainwater, much like a natural sponge. This requires
a shift from rapid drainage to strategic infiltration and retention.

 Sustainable Urban Drainage Systems (SUDS): Imple-
menting a comprehensive network of SUDS elements to manage
stormwater runoff at its source, integrating with the landscape.
SUDS mimic natural drainage processes and manage water
quantity, quality, and amenity.

+ Permeable Paving and Green Infrastructure: Replacing
traditional impervious surfaces (car parks, pedestrian path-
ways) with permeable paving materials (e.g., permeable con-
crete, porous asphalt, interlocking pavers with gaps) allows
rainwater to infiltrate directly into the ground, rather than run-
ning off.
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Extensive Rainwater Harvesting: Beyond just internal air-
port use, large-scale rainwater harvesting from all impervious sur-
faces (terminal roofs, aircraft hangars, paved areas) can be
directed to massive underground storage tanks. This harvested
water can then be used not only for airport operations but also po-
tentially contribute to urban non-potable water supply or be stra-
tegically released to recharge deeper aquifers. Many Indian
airports, including Delhi (IGIA) and Bengaluru (BLR), already
have significant rainwater harvesting systems that can be expand-
ed with this broader city-centric purpose in mind.

Groundwater recharge requires hydrogeological assessment, wa-
ter-quality controls and applicable permissions. Contaminated
runoff must not be directed into an aquifer. The appropriate inter-
vention depends on groundwater level, soil, catchment and water
quality.

Infiltration near operational pavements requires particular care.
Drainage must protect pavement support, avoid standing water
and meet airfield requirements; it cannot be designed as a generic
landscape system.

Attenuation Tanks: Large underground or above-ground tanks
designed to temporarily store (attenuate) excess stormwater run-
off during heavy rainfall events. This prevents immediate over-
whelming of municipal drainage systems and allows for controlled
release or subsequent treatment and reuse, significantly contrib-
uting to better flood control for downstream urban areas. These
complement rainwater harvesting tanks by focusing on peak flow
management.

Bioswales and constructed wetlands may have value in suitable lo-
cations, but standing water and habitat can attract hazardous
wildlife. Airport wildlife specialists, drainage engineers and envi-
ronmental authorities should jointly determine whether these
measures are appropriate.

Benefits of Airports as "Green Sponges" for Cities:

« Enhanced Flood Control: Significantly reduces the volume
and peak flow of stormwater runoff entering city drainage sys-
tems, thereby mitigating urban flooding risks for surrounding
communities.
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« Improved Urban Water Security: Actively recharges
groundwater aquifers, enhancing water availability for the city
in the long term, especially in regions facing water scarcity.

» Better Water Quality: Natural filtration processes within
SUDS remove pollutants from stormwater, improving the quali-
ty of water that infiltrates groundwater or enters surface water
bodies.

Ecological value should be protected in locations compatible with
aviation safety. Biodiversity objectives and wildlife-hazard man-
agement require a coordinated plan rather than a blanket increase
in habitat near aircraft movement areas.

« Reduced Strain on Municipal Infrastructure: Lessens
the burden on city water treatment plants and storm drainage
networks, leading to cost savings for municipal authorities.

Embodied Carbon: The Hidden Environmental
Footprint of Construction

While operational emissions (from energy use) are a key focus for
net-zero, the "embodied carbon" of a building — the greenhouse
gas emissions associated with the extraction, manufacturing,
transportation, installation, maintenance, and disposal of con-
struction materials — represents a significant portion of an air-
port's total lifetime emissions, especially for new builds.

The share of embodied carbon depends on the asset, operational
energy mix and study period. Report a project-specific lifecycle as-
sessment instead of applying a universal percentage to every air-
port.

Strategies:

« Choosing Low-Carbon Materials: Prioritising materials
with inherently lower embodied carbon, such as:

Recycled content can reduce impacts where the product meets
performance requirements. Recycled aggregates and other substi-
tutions must satisfy the specification, testing and durability needs
of the intended structural or pavement application.

« Local Sourcing: Reducing transportation emissions by pro-
curing materials from nearby regions (e.g., local stone, terracot-
ta, bamboo, timber from sustainably managed forests).

148



CFCPD MANIFESTO FOR AIRPORTS

« Fly Ash Concrete: Utilizing fly ash (a waste product from
coal-fired power plants) as a cement substitute in concrete, sig-
nificantly reducing the embodied carbon of concrete.

Engineered timber may be suitable for selected applications where
fire, structural, moisture and durability requirements can be met.
Carbon storage claims require a stated lifecycle boundary and end-
of-life assumptions.

« Modular and Prefabricated Construction: As discussed in
"Frugality," this reduces material waste on-site, optimizes man-
ufacturing processes, and can lead to more efficient material
use.

« Optimizing Material Use: Designing structures efficiently to
minimize material quantities without compromising safety or
functionality.

« Designing for Durability and Adaptability: Building
structures that are robust and flexible enough to last for a long
time and adapt to future needs (e.g., modular terminals), reduc-
ing the need for premature demolition and reconstruction. This
ties back to Lifecycle Costing.

« Reducing Construction Waste: Implementing rigorous
waste management plans during construction, emphasizing re-
use and recycling of materials. This is further enhanced by
strategies like utilizing green construction power from RESCO
models, reducing carbon footprint from the very inception of
the project.

Green Building Certifications: A Framework for
Sustainability

Green building certification can provide a useful assessment
framework, but its scope, stage and date matter. Pre-certification
is not operating-performance verification, and a terminal rating
does not cover every activity at the airport. Use certification along-
side measured resource use and service outcomes.

Good environmental design is demonstrated in opera-
tion: comfortable spaces, controlled demand, safe water systems
and durable construction. The next chapter extends this discipline
to what the airport buys, uses, repairs and discards.
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CHAPTER 30
Circularity and waste management

Waste begins with decisions about procurement, packaging and
service delivery. A circular airport keeps useful materials in service
for longer and plans their recovery. The test is the verified destina-
tion and use of material, not the number of bins or a recycling
claim on a sign.
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Design for the next useful life

Repair, separation and recovery begin in the specification.

@ DoEsiGN © use

Reduce and separate Maintain and repair
© RECOVER O RETURN
Sort safe components Reuse before recycling

Hazardous and regulated materials need approved treatment

Figure 21. Material circularity connects design, use, recovery and return. This is a
resource-management loop, distinct from RARE’s voluntary commercial en-
gagement cycle.

The Imperative of a Circular Economy in Aviation

Airports face unique challenges in waste management due to the
sheer volume, diversity (from passenger waste and F&B to con-
struction debris and hazardous materials), and regulatory com-
plexities (especially for international cabin waste). The rapid
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growth of air traffic means an escalating waste problem. A circular

economy approach addresses this by:

+ Reducing Waste at Source: Designing out waste from the
beginning.

+ Maximising Resource Value: Keeping products and materi-
als in use for as long as possible.

+ Regenerating Natural Systems: Returning biological mate-
rials safely to the earth.

This approach not only reduces environmental footprint (less
landfill, lower emissions) but also drives cost optimisation by min-
imising procurement and disposal expenses, freeing up capital for
other critical investments.

Key Strategies for Circularity and Waste
Management in Airports

Indian airports are increasingly adopting innovative strategies to
move towards a circular model, often leveraging the "4R" princi-
ple: Reduce, Reuse, Recycle, Recover.

Waste Reduction at Source:

- Digitalization: Transitioning to paperless processes for ticket-
ing, boarding passes (e.g., DigiYatra), and internal communica-
tions significantly reduces paper waste.

Single-Use Plastic Elimination: Implementing bans or strong
disincentives for single-use plastics (SUPs) in F&B outlets, retail,
and operational areas. Promoting eco-friendly alternatives and
providing reusable options (e.g., water refill stations to avoid plas-
tic bottles). Delhi Airport (DIAL) has implemented measures to
eliminate SUPs, aligning with broader national initiatives.

« Optimised Procurement: Collaborating with suppliers to re-
duce packaging, ensure products are durable, reusable, or easily
recyclable, and choosing items with lower embodied carbon.

Robust Segregation and Collection Systems:

Source Segregation: This is the cornerstone of effective recy-

cling. Airports are deploying multi-bin systems (e.g., Delhi Airport

uses two-bin and four-bin systems in key locations for paper, plas-

tic, glass/cans, and food waste) across terminals, offices, and air-

side areas to ensure waste is separated at the point of generation.

» Stakeholder Training and Awareness: Engaging and
training all airport staff, airlines, concessionaires, ground han-
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dlers, and passengers on proper waste segregation practices
through regular workshops and public awareness campaigns.
Indore Airport's "Zero Waste Airport Project" emphasizes be-
havioral change and stakeholder engagement.

Advanced Recycling and Material Recovery:

Material recovery facilities should be sized and operated for the

permitted waste streams. Hazardous and electronic waste require

appropriate segregation and authorised handling rather than rou-
tine mixing with dry recyclables.

Plastic recovery should use an authorised route with demonstrated

material performance and traceability. Turning waste into a new

product is not automatically a lower-impact solution; contamina-
tion, durability and the next end-of-life stage also matter.

« Paper Recycling: Initiatives like AAI's Paper Recycling Unit
in Delhi, which converts office paper waste into useful station-
ery, demonstrate local closed-loop solutions, saving trees, water,
and energy.

Organic Waste Processing (Composting & Biofuel/Biogas
Production):

Organic processing: evaluate composting or anaerobic diges-
tion against the available feedstock, contamination, odour, wildlife
risk and market for outputs. A plant's design capacity is not proof
of its actual diversion performance or financial viability.
Landscape waste may be suitable for composting under controlled
conditions. Sewage sludge must not be added without assessing
contaminants, pathogens, permitted use and the applicable han-
dling requirements.

Biofuel Production from Organic Waste: Beyond biogas,
airports can explore partnerships to convert suitable organic waste
streams (including food waste, agricultural residues from sur-
rounding areas, municipal solid waste) into biofuel, such as bio-
CNG for ground vehicles or even as a feedstock for Sustainable
Aviation Fuels (SAFs). India has significant potential for SAF pro-
duction from biomass waste, used cooking oil, and agricultural
residues (like rice and wheat straws, which currently contribute to
air pollution when burned). Companies like Praj Industries and
GPS Renewables are pioneering technologies for converting ligno-
cellulosic waste feedstock into SAF, demonstrating a circular
pathway from waste to aviation fuel.
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Waste-to-Energy (WTE) Recovery:

For non-recyclable or residual waste, waste-to-energy plants can
convert waste into electricity or heat, recovering energy value and
further diverting waste from landfills. This integrates with the on-
site electricity generation strategy discussed previously. Govern-
ment programmes like the Ministry of New and Renewable Ener-
gy's Waste to Energy Programme encourage such projects.

Addressing Airline Waste Management:

International catering waste may be subject to specific biosecurity

and disposal rules. Keep it distinct from ordinary terminal waste

and design the handling chain with airlines, caterers and compe-
tent authorities.

» Collaborative Solutions: Airports, airlines, caterers, and
cleaning contractors must collaborate to find innovative solu-
tions within regulatory frameworks. This includes:

« Source Segregation Onboard: Encouraging airlines to seg-
regate waste more effectively on aircraft.

« Design for Disassembly: Promoting aircraft cabin compo-
nents and in-flight service items that are designed for easy dis-
assembly and recycling.

+ Advocacy for Smarter Regulation: Industry bodies like
IATA are advocating for more flexible ICW legislation that al-
lows for greater recycling and reuse without compromising safe-
ty.

+ Closed-Loop Systems: Emulating initiatives like Emirates’
where damaged plastic trays are recycled into new in-flight meal
service items, creating a truly circular loop for airline consuma-
bles.

Construction & Demolition (C&D) Waste Management:
With ongoing airport expansions, C&D waste is significant. Strate-
gies include recycling concrete and aggregates, reusing steel and
other metals, and finding new uses for demolition waste, minimis-
ing landfill dependency and reducing embodied carbon. Designing
for disassembly (modular construction) from the outset helps
streamline future reuse.

Benefits of Circularity for India's Airports

« Enhanced Environmental Sustainability: Significantly
reduces landfill burden, conserves natural resources, and lowers
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greenhouse gas emissions (including methane from organic

waste decomposition).

Financial performance: compare collection, segregation, pro-

cessing and disposal costs with verified income or avoided ex-

penditure. A circular programme is not necessarily self-financing,
but it can still be justified by its public and environmental benefits.

« Resource Independence: Lessens reliance on virgin raw ma-
terials, strengthening resource security and aligning with "At-
manirbhar Bharat."

« Innovation and New Business Models: Drives the adop-
tion of new technologies for waste processing and fosters new
circular economy businesses around the airport.

« Improved Brand Perception: Reinforces the airport's com-
mitment to sustainability, aligning with global expectations and
enhancing its 'Planet’ pillar credentials.

« Community Well-being: Contributes to cleaner local envi-
ronments, reduces pollution, and demonstrates responsible
corporate citizenship.

Circularity needs contracts that preserve segregation, trace ma-
terial and verify destinations. The environmental twin can help
monitor these flows, provided its data represents what actually
happens after waste leaves the terminal.
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CHAPTER 31

Digital evidence for environmental
performance

Environmental performance is often reported retrospec-
tively: monthly energy totals, annual carbon inventories and iso-
lated utility alarms. A resilient airport requires a different model.
Energy, water, thermal comfort, waste, air quality and climate ex-
posure must be treated as live operating variables connected to oc-
cupancy, flight schedules, weather and asset condition.

The environmental twin should not merely display consump-
tion; it should explain why it occurred and what action is jus-

tified.
Role of SCADA

Supervisory control and data acquisition (SCADA) systems collect
telemetry and support control and alarms for relevant plant and
utilities. Their scope varies by installation. They should not be
overloaded with long-horizon planning functions or exposed to
ungoverned external commands.

Role of the environmental digital twin

The digital twin combines SCADA telemetry with geometry, asset
data, occupancy, weather, flight activity, tariffs, carbon factors and
maintenance history. It converts isolated readings into system re-
lationships. A rise in terminal energy demand can then be inter-
preted against passenger density, outdoor wet-bulb temperature,
equipment condition and operational zoning rather than being
treated as an unexplained variance.

Role of artificial intelligence

Al can identify anomalous consumption, forecast short-term de-
mand, optimise set points and test control strategies. It can also
predict the operational consequence of extreme heat, flooding, wa-
ter scarcity or grid instability. These recommendations must re-
main within approved safety and comfort envelopes and be
auditable by engineering teams.
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Climate-risk integration

The environmental model should connect daily operations with
long-term climate scenarios. The same platform can test drainage
capacity, cooling demand, energy resilience, heat exposure, water
storage and the effect of phased development. This creates a com-
mon evidence base for operations, sustainability, finance and mas-
terplanning.

Required governance

Environmental data must have defined ownership, calibration
standards, retention periods and audit rules. A dashboard is not
evidence if sensors are inaccurate, boundaries change or renewa-
ble certificates are mixed with on-site generation without disclo-
sure. Each KPI should state its unit, reporting boundary, data
source and verifier.

CFCPD value

The environmental intelligence layer serves Planet by reducing
impact, Finance by controlling lifecycle cost, Digital by creating a
reliable data fabric, Community by improving health and resili-
ence, and Culture by protecting the landscapes and resources from
which regional identity is drawn. Its success should be measured
by avoided consumption and better decisions, not by the number
of screens installed.
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CHAPTER 32

Environmental health in everyday
operation

Environmental performance depends on routine operating deci-
sions as well as capital projects. Cleaning, ventilation, equipment
use and waste handling must meet health requirements while con-
trolling resource use. Lessons from the pandemic should be re-
tained where evidence supports them, not because a technology
was once urgently adopted.

The Environmental Footprint of Daily Airport
Operations

Airport operations are inherently resource-intensive. Understand-
ing this footprint is the first step towards mitigation:

+ Resource Consumption: Vast amounts of energy (for light-
ing, HVAC, systems), water (for restrooms, cooling, cleaning),
and materials (for F&B, retail, offices) are consumed 24/7.

« Waste Generation: Continuous streams of municipal solid
waste, food waste, hazardous waste, and now, a significant vol-
ume of medical waste (PPE, masks) are generated.

Emissions: Aircraft idling during taxiing, ground support
equipment (GSE) and other airport vehicles (buses, trucks), and
power generation units all contribute to air pollution (CO, NOx,
particulates) and greenhouse gas emissions. Aircraft Landing and
Take-Off (LTO) cycles, particularly the taxi phase, are significant
contributors to local air pollution.

« Noise Pollution: Constant aircraft movements and ground
operations generate noise, impacting surrounding communities.

Pre-COVID Operational Innovations for
Environmental Health

Even before the pandemic, leading airports were implementing
operational improvements to enhance environmental health:

Optimised Ground Operations & Reduced Idling: Initia-
tives like Airport Collaborative Decision Making (A-CDM) and ad-
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vanced Surface Movement Guidance and Control Systems (A-
SMGCS) (as discussed in Part IT and Part V) aim to reduce aircraft
taxi times and unnecessary engine idling on the tarmac. Reducing
unnecessary engine run-time directly cuts hydrocarbon (HC) and
carbon monoxide (CO) emissions, significantly improving local air
quality around airports.

« Transition to Electric Ground Support Equipment
(eGSE): Phased replacement of diesel-powered GSE with elec-
tric alternatives (e.g., electric baggage tugs, passenger stairs,
buses) significantly reduces on-ground emissions and noise pol-
lution. This operational shift aligns with the massive EV charg-
ing infrastructure discussed earlier.

« Efficient Cleaning Protocols & Sustainable Products:
Implementing optimised cleaning schedules and using eco-
friendly, biodegradable cleaning agents, sanitizers, and less wa-
ter-intensive cleaning methods reduces chemical discharge and
resource consumption.

Waste Segregation at Source: Daily operational adherence to
rigorous waste segregation protocols (dry, wet, hazardous, recy-
clable) across all airport areas (terminals, airside, offices, F&B out-
lets) is crucial for effective recycling and circular economy efforts.
This requires continuous training for staff and clear signage for
passengers.

+ Noise Abatement Procedures: Operational changes in flight
paths (e.g., preferential runways, steeper ascent/descent angles
where feasible) and restrictions on night flights in certain areas
help mitigate noise impact on residential communities.

 Sustainable Procurement Practices: Integrating environ-
mental criteria (e.g., energy efficiency, recycled content, dura-
bility, low toxicity) into the procurement processes for all
operational supplies and equipment.

Post-COVID Innovations: New Drivers for
Environmental Health

The COVID-19 pandemic acted as a powerful accelerator for
change, forcing airports to innovate rapidly in areas of hygiene,
touchless technology, and operational resilience. Many of these

innovations have profound and lasting benefits for environmental
health:
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Enhanced Hygiene Protocols and Resource Implications:
Cleaning and disinfection should follow a risk-based plan and
competent public-health advice. Technologies such as ultraviolet
treatment or automated spraying need appropriate exposure con-
trols, validation and trained operation; they are not interchangea-
ble with routine cleaning.

Ventilation and filtration should be selected and commissioned for
the actual building system. A filter's test efficiency does not estab-
lish the air quality or infection-control performance of the whole
terminal. Specialist assessment should consider airflow, occupan-
cy, maintenance, energy use and applicable guidance.

Used protective equipment and clinical waste must be classified
and handled under the applicable rules. Not every used mask or
glove should be assumed to belong to the same regulated waste
stream.

Acceleration of Touchless Technologies and Digitaliza-
tion:

« Seamless Passenger Journeys: The imperative to minimize
physical contact accelerated the adoption of touchless technolo-
gies, including biometric systems (DigiYatra), contactless pay-
ments, automated doors, and self-service kiosks.

« Environmental Benefit: This shift reduces paper consump-
tion (e.g., physical boarding passes, receipts), minimizes waste
from disposable items, and streamlines processes, leading to
overall operational efficiency which can indirectly lower energy
use. DigiYatra, for example, is inherently paperless.

« Paperless Operations: Beyond passenger-facing services,
many back-of-house and administrative processes shifted to
digital platforms, significantly reducing paper consumption and
associated waste. This extends to digital manifests, maintenance
logs, and communication.

Operational Adjustments for Distancing and Health:

Optimised Passenger Flow & Crowd Management: Physi-
cal distancing requirements forced airports to rethink passenger
flow and queue management. This led to smarter use of space,
predictive analytics for crowd density, and optimised resource de-
ployment, which can translate into more efficient use of terminal
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space and reduced energy consumption for lighting/HVAC in un-
derutilized areas.

 Flexible Operations: Airports demonstrated unprecedented
flexibility in adapting operations (e.g., converting passenger air-
craft to cargo, adjusting schedules) to rapidly changing demand.
This adaptability is key for future resilience in the face of vari-
ous disruptions, including climate-related events.

Long-Term Integration and Future Outlook

Many of the innovations spurred by the pandemic, particularly in
digitalization, hygiene standards, and operational flexibility, are
here to stay. They represent a fundamental shift towards more re-
silient, efficient, and environmentally conscious airport opera-
tions.

Sustained Hygiene Standards: Passengers now expect higher
levels of cleanliness. Airports will continue to invest in advanced
cleaning technologies and protocols, ideally integrating them with
sustainable cleaning products and water-efficient methods. The
focus will be on "invisible hygiene" through smart systems and au-
tomated solutions.

Digital processes can reduce paper and improve coordination, but
their energy, equipment and replacement impacts also belong in
the assessment. Digitalisation is not inherently a reduction in total
carbon footprint.

+ Resilience Planning: The pandemic underscored the im-
portance of disciplined planning for unpredictable events, rein-
forcing the need for adaptable and climate-resilient
infrastructure and operational protocols. Environmental health
will be a core component of future emergency preparedness.

- Data-Driven Environmental Health: The increased reli-
ance on real-time data from sensors (IAQ, occupancy) and Al
analytics will continue to inform smarter, more environmentally
sound operational decisions, ensuring continuous improvement
in environmental performance.

Retain operational measures that show a clear benefit, maintain
their competence and funding, and retire those that no longer
serve a justified purpose. This evidence-led discipline is the foun-
dation for the Digital pillar that follows.
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PARTYV
Digital

Airports for Smart, Seamless, and Secure Operations

CHAPTER 33

The digital foundation of the
airport

A digital airport is more than biometrics, sensors, digital twins, ar-
tificial intelligence, SCADA, robots and applications. Their value
depends on an interoperable operating architecture tied to meas-
urable decisions.

A smart airport connects systems. A sentient airport connects
evidence to accountable action.

The physical and operational data fabric

A governed data fabric links flight information, baggage, passen-
ger processing, buildings, assets, commerce, surface access and
airfield operations. Data needs source traceability, common iden-
tifiers and controlled interfaces, not proprietary silos.

Digital twin as system model

A digital twin links assets, processes, demand, constraints and
outcomes; it is not merely a three-dimensional display. Match
model detail to the decision: operational data for gates, demand
and capital models for phasing, condition history for maintenance,
and privacy-preserving movement data for passenger flow.
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The architecture beneath the twin

Models need controlled data and accountable decisions.

@ Accountability Authority, audit and privacy

e Decision support Options and uncertainty

0 Domain models Five operational domains

€@ sShared data Identity, time and quality

e Integration Controlled system interfaces

o Physical airport People, assets and sensors 1

Evidence up / authorised action back to operations

Conceptual illustration and schematic; not a site design

Figure 22. A layered architecture connects the physical airport to controlled inte-
gration, shared data, domain models, decision support and accountability. It
complements rather than replaces the five-twin view.

Artificial intelligence as decision support

Al can identify patterns, forecast queues or equipment failures,
and compare stand, baggage, staffing and commercial scenarios.
Recommendations need confidence estimates, assumptions and
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operational consequences. High-impact actions require human
approval and an auditable record.

Automation and robotics

Automation should be selected by task, not fashion. Repetitive,
hazardous, time-critical and precisely measurable activities are the
strongest candidates: cleaning, inspection, baggage movement,
cargo handling, passenger information and selected airside logis-
tics. The business case must include interfaces, redundancy,
maintenance capability, workforce transition and cyber risk.

SCADA and operational technology

SCADA and other operational technology systems control critical
plant. They require segmentation, deterministic performance and
conservative change management. The digital layer may consume
their data, but it should not compromise safety, resilience or ven-
dor-supported control logic.

The digital value case

Every digital intervention should identify the decision it improves,
the baseline against which benefit will be measured, the accounta-
ble owner and the cost of maintaining the capability. Benefits may
include deferred capital, increased asset availability, reduced pro-
cessing time, energy savings, improved safety, higher commercial
conversion or better disruption recovery.

Interoperability and sovereignty

Airport operators should retain access to their operational history,
models and interfaces. Open standards, documented APIs, export-
able data and model portability reduce lock-in. Sovereignty does
not require rejecting external expertise; it requires ensuring that
critical airport decisions can continue if a supplier, platform or
model changes.

These foundations support the Sentient Airport discussed later
in this part. Instrumentation enables observation; integration re-
veals relationships; governed intelligence generates and evaluates
options.
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CHAPTER 34

Terminal planning: the complete
passenger journey

A terminal should be designed around journeys, not a catalogue of
rooms. Originating passengers, arrivals, domestic and interna-
tional transfers, accompanying families and staff do not move
through the same sequence. Each journey has its own information,
processing, baggage, assistance and recovery needs. The plan must
make those differences understandable without turning them into
unequal dignity.

Define the design-day schedule and the range of conditions it
represents. Annual traffic is useful for investment planning but in-
sufficient for sizing a queue, reclaim hall or holdroom. Test peak-
ing, aircraft mix, arrival profiles, service-time variation, baggage
behaviour and resource availability. Do not import a universal In-
dian peak multiplier or an outdated level-of-service table in place
of a locally justified brief.

Processing, circulation and waiting

Processing facilities require space for approach, preparation,
transaction, exception handling and recomposure. The equip-
ment's nominal rate is not the capacity of the complete process.
Security screening also depends on the approved operating proce-
dure, staff, secondary searches and passenger preparation. A new
scanner does not by itself authorise a change in screening rules or
remove an airport's responsibility for safe queue management.

Circulation must remain clear at decision points and during
boarding. Seats, commercial frontage and digital displays should
support the journey without constricting it. Wayfinding begins
with legible spatial organisation and sightlines; signs then confirm
the route. Test the plan with people unfamiliar with airports, peo-
ple using different languages and passengers with physical, senso-
ry or cognitive access needs.

Waiting areas need seating, toilets, drinking water, charging and
reliable information. Families and groups may need places to re-
group, but passenger behaviour should be measured rather than
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reduced to national stereotypes. Commercial choice can improve
waiting; compulsory detours and the removal of free amenities
cannot be justified as passenger experience.

Connections and the hidden systems

For transfers, test representative and difficult gate pairs, walking
speeds, assistance availability, border and security requirements,
and the baggage journey. A short passenger route cannot compen-
sate for a baggage system that misses the onward flight. Publish
information that helps the passenger understand the transfer,
while preserving recovery options when the planned connection
fails.

Back-of-house circulation, maintenance access, staff facilities,
waste and delivery routes belong in the early plan. They are not
leftover space. Expansion interfaces should allow works, isolation
and testing without compromising the live airport. The Living
Brief supplies evidence about these requirements; the digital mod-
els described in this part allow alternatives to be compared.

The design test is straightforward: does the complete
journey work under the conditions for which the airport is being
funded? A visually impressive central hall is not enough. Capacity,
dignity, commercial viability and resilience have to survive at the
edges of the plan as well as at its centre.

A heatmap adds a spatial view to the passenger brief. Figure 23
shows an illustrative density field; a real map would state the ob-
servation interval, usable floor area, sensor coverage and uncer-
tainty. A warm patch warrants investigation, but does not by itself
distinguish a queue, a chosen pause or a circulation conflict.

Use aggregate evidence and check it against observation and
passenger feedback. Device traces can underrepresent people
without connected devices. Dwell time cannot be inferred from
one density snapshot, and neither measure establishes the quality
of the experience.
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Read the terminal in space

One synthetic 15-minute snapshot of a departure journey.

[ I
O |

EE .
1 Check-in 2 Security 3 Concourse 4 Gates
lllustrative passengers / m? Colour marks density,
I not satisfaction or
0 0.6 12 spending.
e Security approach o Concourse junction
Check queue extent and Separate walking, seating
staff readiness. and shop entry.

Synthetic example; not a safety threshold or actual airport data

Figure 23. A synthetic passenger-density heatmap of a notional departure termi-
nal. Colour represents passengers per square metre over an illustrative 15-minute
interval; it is not a safety threshold, sensor output or assessment of a named air-

port.
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CHAPTER 35

The Waveform Traffic Pattern:
designing for flight banks

A transfer hub often concentrates arrivals and departures into
banks. An arrival bank supplies passengers and baggage to a sub-
sequent departure bank, creating a repeated pattern of demand
over the day. This is the waveform: a useful planning description,
not a fixed number of waves or a claim that every airport follows
the same rhythm.

At an origin-and-destination airport, peaks may be driven in-
stead by local travel preferences, airline rotations, curfews or sur-
face-access patterns. Even at a hub, different processors peak at
different times. Check-in demand can precede aircraft departures
by hours; reclaim follows arrivals; transfer security and baggage
occupy the interval between banks. The design task is to under-
stand these lags and their interactions.
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A flight bank has a waveform

Resources must follow short-period peaks, not daily averages.

Relative activity index / illustrative

100

50

00 06 12 18 24

- Arrivals ==== Departures

ARRIVE - CONNECT - DEPART
Stand + gate People + bags Gate + aircraft

Pale bands show illustrative connection windows, not certified minimum
connection times.

Synthetic activity pattern; not measured traffic or a forecast

Figure 24. Illustrative arrival and departure banks reveal short-period peaks hid-
den by daily averages. The shaded intervals illustrate connections; they are not

certified minimum connection times or a traffic forecast.

From schedule to demand

Start with a credible schedule and explicit assumptions for pas-
senger loads, transfer shares, show-up profiles, processing times
and baggage. Translate flights into time-based demand at each
processor. Use intervals short enough to reveal material surges,
and test the sensitivity of results to uncertain inputs. A daily aver-
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age conceals the problem, but an isolated worst minute can also
produce unjustified oversizing.

Stand demand depends on aircraft compatibility, occupancy,
turnaround, towing and resilience. Baggage demand depends on
unload, connection and build-up windows. Passenger facilities de-
pend on arrival profiles and the time people spend in each zone. A
schedule-based model allows the airport to see which constraints
overlap and which can be managed through sequencing. It does
not eliminate the need for operational judgement.

Connections that survive disruption

The gap between banks must allow the required journey with an
appropriate allowance for variability. Test delayed inbound flights,
an unavailable stand, a baggage interruption, adverse weather and
reduced processor staffing. Trace the consequences into later
banks: a local delay can consume recovery capacity elsewhere in
the airport.

The correct response is not always more infrastructure. Airlines
may adjust the schedule, operations may stage resources different-
ly, or the design may shorten a transfer path. Major expansion is
justified when the residual constraint remains material under
credible alternatives. Decisions to hold a flight, change a gate or
rebook a passenger must remain with the authorised organisa-
tions; a model can identify consequences and propose options, not
confer authority.

The waveform links the hub thesis to AERONOVA. National
network ambition establishes the desired connections; the sched-
ule creates a physical demand pattern; simulation tests whether
the airport can deliver it; measured operation updates the next
planning decision. The result is a more precise investment conver-
sation than one based on annual capacity alone.

Figure 25 gives the waveform a second dimension. Each row is a
different process and each column a half-hour interval. Normalis-
ing demand against the stated available capacity can expose the
sequence of pressure, but every denominator must reflect actual
staffing, equipment and operating assumptions.
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A peak moves through the airport

Synthetic demand / available processing capacity, by half-hour.

04:00 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00

Check-in 60 95 H. 85 60 40 30 20

Security 30 55 30

Transfer 20 25 50
Boarding 10 15 75
Baggage 20 35 35

100 = demand equals the stated nominal capacity

Values above 100 flag a test condition. Variability can create queues
below 100; this ratio is not a safety or service standard.

Resource timing must follow the journey, not the daily average.

Invented teaching values; no named airport or forecast
Figure 25. Illustrative process-by-time heatmap using invented demand-to-
capacity percentages. Peaks occur at different times along the journey. These ra-

tios are not certified service standards and do not predict queues without a suita-
ble process model.
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CHAPTER 36

The Sentient Airport: evidence,
models and accountable decisions

In this book, a Sentient Twin is a proposed, governed decision-
support environment that connects the airport's changing state
with models of possible action. The term is a metaphor for respon-
siveness, not a claim of consciousness, unrestricted autonomy or
certified safety authority. A digital twin becomes useful when its
purpose, data quality, model limits and decision owner are clear.

AERONOVA supplies the planning discipline; the twin supplies
evidence and scenario testing. The approved masterplan remains
an accountable baseline. The system may propose a revision when
assumptions change, but it does not approve land use, set tariffs,
control aircraft or replace the responsible professional. The au-
thor's concept interfaces illustrate the intended direction; they are
not evidence that every capability described here has been de-
ployed or independently validated. [3]

Five operational twins, one shared scenario

The passenger-flow twin represents journeys, queues, walking, as-
sistance, transfers and occupancy. It should be calibrated against
observed flows and processing distributions, including travellers
who do not use digital self-service. Its purpose is to test service
and capacity, not to identify every person moving through the
terminal.

The airside-operations twin tests stands, aircraft compatibility,
turnaround, towing and interfaces with surface movement. It can
compare the consequences of a proposed schedule or phasing
plan. Operational and air-traffic-control authority remain outside
any unapproved optimisation routine.

The asset-reliability twin connects equipment condition, work
orders, criticality, redundancy and maintenance access. A predict-
ed failure is a risk estimate, not a certainty. Maintenance changes
require competent review, particularly where safety, statutory in-
spections or manufacturer requirements apply.
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Five twins share one scenario

A changed arrival bank affects more than one department.

ONE

ARRIVAL
BANK

Common time,
boundaries and
assumptions

o Passenger flow Queues, walks and transfers
e Airside operations Stands and turnaround

o Asset reliability Duty and failure risk

o Commercial activity Capacity and voluntary demand
e Sustainability Energy, water and impact

Compare > Approve > Act > Verify

Conceptual illustration and schematic; not a site design

Figure 26. A single change in the flight bank is tested across five operational do-

mains before an authorised response. Model outputs must share boundaries,
time and assumptions.

The commercial twin examines demand, opening hours, spatial
exposure, affordability and tenant viability. Aggregate evidence

and consent-based trials can reveal whether a service is useful.

Commercial optimisation must preserve direct routes, free essen-
tials and separation from protected passenger data.
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The sustainability twin links energy, water, waste, operational
carbon, embodied carbon and climate exposure within stated
boundaries. Reducing one indicator may increase another. The
model should show the trade-off and distinguish measured con-
sumption from estimates, certificates and proposed improve-
ments.

The architecture beneath the interface

These domains need common identifiers, time references, geome-
try and scenario assumptions. Data ingestion records origin,
timestamp, quality and permission. A context layer relates assets,
flights, spaces and requirements. Simulation models then test the
physical or operational question using methods appropriate to it.
The decision-support layer compares outcomes, records uncer-
tainty and presents evidence to an authorised reviewer.

A conversational interface can make this environment easier to
query, but fluent language is not validation. A language model may
retrieve an obsolete rule, misinterpret a boundary or produce a
plausible but wrong explanation. Citations help inspection; they
do not eliminate error. Calculations and constraints should be
checked through appropriate tools and expert review, with the ev-
idence available for audit.

Interoperability is a procurement requirement, not a property
conferred by one acronym. Specify data schemas, exchange for-
mats, interfaces, access rights, model documentation and hando-
ver tests. Proprietary authoring software is not an open file format.
Standards such as IFC for information exchange or FMI for com-
patible simulation components can be considered where suitable;
actual interoperability must be demonstrated for the selected tools
and versions.

Sense, understand, simulate, act and learn

The operating loop begins by sensing an observed condition. Un-
derstanding tests data quality and likely cause. Simulation com-
pares feasible options, including doing nothing and degraded
operation. Action occurs only within a defined approval and au-
thority boundary. Learning compares the result with the predic-
tion and updates the model or brief.

For example, a model may identify recurring congestion before
a departure bank. It can compare staffing, lane opening and layout
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options against passenger-service, cost and resilience criteria. The
authorised operations team approves a trial, confirms that security
procedures remain valid and monitors the result. A successful trial
becomes evidence for the Living Brief. An unsuccessful trial is rec-
orded rather than hidden.

Planning scenarios and live operational assistance require dif-
ferent assurance. A strategic model may tolerate uncertainty over
a long horizon; a recommendation affecting a live process may re-
quire tighter latency, data quality and failure controls. The system
should reveal when information is stale, when it is outside its cali-
brated range and when it cannot support a decision.

Demonstrating value without guaranteed dividends

Begin with a bounded decision, baseline, owner and acceptance
criteria. Compare the intervention with a credible counterfactual
and include the cost of integration, data maintenance, licences,
training and assurance. Savings in capital, operating cost or car-
bon are project results to be established, not universal percentages
promised by the method.

Keep a record of false alarms, missed events and decisions re-
jected by professionals. Test the ability to restore service when a
data feed, supplier or model is unavailable. The airport should re-
tain durable rights to its information and sufficient documentation
to change providers without losing operational knowledge. Sover-
eign hosting may address some concerns, but does not itself estab-
lish security, privacy or vendor independence.

The Sentient Airport is therefore an institutional capability as
much as a technology architecture. Its maturity is visible when
people can explain why a recommendation was made, who ap-
proved it, what happened and what will change next. The strongest
digital system is one that improves judgement while making re-
sponsibility easier to locate.
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CHAPTER 37

Cybersecurity, privacy and
continuity

Airport digital resilience is a service-continuity obligation. The rel-
evant failure is not merely an unavailable screen: it can be a
stopped baggage process, a lost access-control function, mislead-
ing flight information or an interruption to essential plant. Cyber-
security must therefore be designed with operations, safety,
engineering and suppliers, not added after systems are connected.

Operational technology (OT) controls or monitors physical pro-
cesses; information technology (IT) supports information and
business services. Their interfaces require deliberate segmentation
and controlled communication. NIST's guidance for OT security
emphasises the importance of the distinctive safety, reliability and
performance requirements of these environments. [6]

Control connections and privileges

Identify critical services and the systems, power, networks, identi-
ties and suppliers on which they depend. Separate trust zones ac-
cording to risk and permit only justified flows between them.
Protect remote maintenance with approved access, strong authen-
tication, least privilege, logging and time limits. A supplier's con-
venience is not a sufficient reason for permanent broad access.

An isolated network can reduce exposure but may still depend
on removable media, updates and maintenance. Conversely, a live-
data service cannot be called fully air-gapped while maintaining an
ordinary external connection. Describe the actual architecture,
compensating controls and operating consequences rather than
using security labels as assurances.

Design for degraded operation

Define how passengers, baggage, access and critical utilities will be
handled if a major digital dependency fails. Maintain and test re-
coverable backups, restoration procedures, alternate communica-
tions and manual or reduced-service modes where feasible.
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Record what capacity remains available and what condition re-
quires suspension rather than improvisation.

Exercise incidents across organisational boundaries, including
airlines, ground handlers, public agencies and suppliers. Penetra-
tion tests and adversarial exercises need authorised scope and
controls that protect live safety and operational systems. A simula-
tion environment can help test consequences, but cannot certify
that the production network is secure.

Protect people as well as systems

Collect personal data for a defined purpose, use the minimum nec-
essary and retain it only for a justified period. Access to essential
airport services should not depend on accepting unrelated com-
mercial tracking. Biometric or personalised options need clear ex-
planations, appropriate permissions and a workable alternative for
people who cannot or do not wish to use them, subject to applica-
ble requirements.

India's Digital Personal Data Protection Act, 2023 and the rules
and commencement notifications issued under it require a current
applicability and implementation review. Staged commencement
must not be mistaken for every obligation being in force on the
same date. The project should obtain competent legal advice on its
roles, notices, consent or other lawful basis, processor contracts
and incident obligations. [7]

Appoint owners for critical services and data, fund maintenance
and assurance throughout the lifecycle, and test whether recovery
promises are credible. Digital sophistication without this disci-
pline increases dependence faster than resilience. In CFCPD
terms, confidence is earned by continuity, transparency and ac-
countable control—not by the number of connected devices.
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CHAPTER 38

RARE: relevant commerce without
captive customers

RARE stands for Revitalize Airport Retail Environment. It is the
author's proposed approach to connecting useful commercial ser-
vices with passengers who may choose them. Its starting question
is not how to make every passenger spend. It is why a service that
could meet a genuine need remains difficult to find, understand,
afford or use.

A quiet corridor is not automatically a failed commercial zone. It
may provide necessary circulation, rest, future capacity or a route
to a remote gate. Before adding offers or shops, establish the pur-
pose of the space and the passenger's available time. Commercial
revenue becomes sustainable when it is compatible with that pur-
pose.

The activation loop

The original RARE loop—trigger, nudge, action and reward—can
be implemented as a transparent invitation. A trigger is a relevant
context, such as an outlet opening or a service selected by the user.
The nudge explains the offer, price and location. Action is volun-
tary: ignore, explore or purchase. A reward, if offered, has clear
terms and does not become a condition of essential service.

Do not use a delay to withhold assistance or manufacture ur-
gency. Flight information and passenger care remain independent
of advertising. Any walking-time estimate must account for the
route and the person's needs, and must not promise that a pur-
chase is safe before boarding when that cannot be established. The
passenger must be able to stop messages without losing travel in-
formation.
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CFCPD / CIVIC ATLAS 27

Commerce begins with choice

RARE keeps relevant offers separate from essential service.

CONTEXT — INVITATION — CHOICE

Relevant need Optional offer Accept or decline

Measure value without penalising refusal. Rest, water, assistance and
a clear route remain available.

Conceptual engagement sequence; consent is not assumed

Figure 27. RARE links relevant offers to voluntary choice; commercial conversion
must not undermine passenger agency.

Five capabilities to test

Contextual service can help passengers find food, essentials or a
suitable place to wait. Baggage-related services may reduce carry-
ing difficulty where custody, screening, retrieval, liability and se-
curity approval are resolved; unattended lockers are not a
universal airside solution. Smart vending can serve low-density
gate areas if accessible payment, stock, maintenance and refund
arrangements work.
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Optional discovery experiences can introduce regional craft,
food or cultural interpretation. They should avoid directing chil-
dren or hurried travellers into unsafe circulation, and should not
require everyone to own a smartphone. The fifth capability is at-
tribution: measuring whether an intervention created incremental
value rather than merely claiming credit for a purchase that would
have happened anyway.

These capabilities do not require a single vendor or universal
personal tracking. Begin with aggregate flow, outlet performance,
service feedback and small consent-based trials. Where location or
profile information is used, establish a lawful purpose, appropriate
permission, retention limits and controls on sharing. Pseudony-
mous identifiers are not automatically anonymous data.

Measure value across CFCPD

A pilot should report incremental margin after discounts and op-
erating costs, tenant participation, fulfilment failures, complaints,
accessibility and effects on passenger movement. Compare similar
conditions, disclose uncertainty and avoid confusing higher aver-
age spend with a causal result of the intervention. There is no
guaranteed purchase rate or revenue uplift inherent in the RARE
name.

Regional enterprises need viable terms, not only a place in a
promotional story. Transparent prices, modest essentials and free
amenities should coexist with premium choice. Commercial in-
sight can improve the Living Brief by showing which services are
useful and where the layout creates friction. It must not turn Cul-
ture into decoration, Community into a marketing segment, or
Digital into surveillance.

RARE is optional. Its test is whether voluntary commerce im-
proves the journey and creates durable value without compromis-
ing dignity or operational reliability.

Commercial heatmaps need equally careful definitions. Figure
28 separates passers-by, median dwell near an offer and store
conversion. A quiet frontage may still serve its customers well; a
crowded one may be a route rather than a destination. Compare
equivalent operating periods before drawing a conclusion.

For the illustrated conversion row, store entries are 160, 120
and 60, with 16, 30 and 9 transactions respectively. These denom-
inators are not the passers-by counts. In practice, define the
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counting boundaries, observation period and repeat-entry treat-
ment, and investigate price, assortment and accessibility before
prescribing a commercial intervention.

CFCPD / CIVIC ATLAS 28
Footfall is not a purchase

Compare three measures on the same A-B-C retail frontage.

01 Passers-by people

Count across each frontage

A B (o3
1,200 600 300

>
>

02 Time near the offer minutes
Median observed dwell

A ] C

A 4

03 Store conversion %
Transactions / store entries

A
10 25 15

A 4

Same notional 08:00-10:00 period. Each row has its own scale and
denominator; colour is not comparable between rows.

Synthetic counts and medians; not sales attribution evidence
Figure 28. Three synthetic retail activity maps use the same notional frontages A,

B and C, with different units and independent colour scales. Footfall, dwell and
conversion are distinct measures; none establishes incremental revenue.
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PART VI
Futuristic Disruptions

Shaping the Airports of Tomorrow

CHAPTER 39

Future typologies: testing the
proposition

Future airport planning must distinguish operational needs from
promising concepts. This part considers both, using a common
question: what evidence would justify investment, what should be
safeguarded, and what can responsibly wait?

The Need for Disruption: Beyond Conventional
Expansion

Traditional airport expansion often involves adding more run-
ways, gates, and larger terminals to existing models. While neces-
sary, this approach faces inherent limitations, particularly in
densely populated regions like India:

« Land Scarcity: Acquiring vast tracts of land for conventional
greenfield airports is increasingly difficult and socially conten-
tious.

« Environmental Impact: Large-scale conventional airports
consume significant resources and generate substantial emis-
sions and noise.

« Urban Integration Challenges: Existing airports often cre-
ate barriers within cities, disconnected from multimodal
transport networks.

« Evolving Aircraft & Mobility: Future aircraft (hydrogen,
eVTOLs) and new modes of urban mobility (hyperloop) may not
fit existing airport designs.
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« Changing Passenger Expectations: Passengers seek more
than just transit; they desire integrated experiences, cultural
immersion, and seamless connectivity.

Disruptive typologies offer solutions to these challenges by pro-
posing fundamentally different ways airports interact with their
environment, economy, and community.

CFCPD / CIVIC ATLAS 29

Readiness is not inevitability

Different uncertainties require different commitments.

NOW
—
Deploy proven essentials

TEST
I
Run bounded, reversible trials

SAFEGUARD Reserve interfaces and space

DEFER Wait where evidence is inadequate
1

Safeguarding an option does not commit the airport to building it.

Decision categories; not a technology forecast

Figure 29. Different technologies require different investment decisions; safe-
guarding need not mean construction.
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Emerging Disruptive Airport Typologies for India

Skygarden and Skytrain: a concept with two distinct
boundaries

The Skygarden is a proposed landscaped place for waiting, recrea-
tion and cultural experience. The Skytrain is a proposed people-
mover connection. Neither term denotes an established airport
standard. Their value must be tested against journey time, cost,
accessibility, operating reliability and security requirements.

A public landside Skygarden may serve residents, workers,
greeters and travellers before terminal entry. It requires safe ac-
cess, toilets, affordable amenities, weather protection and a clear
boundary from controlled areas. Public admission to this space
does not imply admission to the terminal's restricted areas.

A separate ticketed or controlled waiting area could be consid-
ered for eligible passengers where the airport's approved process
allows it. It must not mix screened and unscreened flows or intro-
duce an unapproved transfer sequence. The required processing
and screening remain in place. Any people mover needs sufficient
capacity, accessible boarding, evacuation provisions and a worka-
ble fallback.

There is no universal ninety-minute margin that makes this
concept safe or convenient. Test flight cut-offs, walking and assis-
tance times, service intervals, disruption and passengers unfamil-
iar with the system. A more distributed airport can reduce
pressure in one building while adding transfer complexity else-
where. The business case must include the full system, not only a
smaller terminal footprint.

The concept is most useful as a question about where waiting
should occur and who can share the airport's public spaces. It
should proceed only if it improves the complete journey while pro-
tecting security, affordability and reliable access to the flight.

Urban vertiports could provide a specialised additional connection
where aircraft, infrastructure, airspace and service approvals per-
mit. They do not replace the capacity or public-access role of a
conventional airport.

+ Relevance for India: Addresses last-mile connectivity chal-
lenges in congested Indian megacities, reduces road traffic, and
offers rapid point-to-point air travel. Could integrate with exist-
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ing metro stations, high-rise buildings, or even repurposed ur-
ban spaces.

« Implications: Requires robust air traffic management for low-
altitude airspace, stringent safety regulations, and dedicated
charging infrastructure for electric aircraft.

The Multi-Modal Aero-City Hub:

Concept: Building on the existing aerotropolis concept, this ty-
pology envisions airports as fully integrated, self-sustaining urban
centres where air travel is just one component. These are planned
from the ground up to seamlessly blend aviation with extensive
commercial, residential, industrial, and entertainment zones.

Relevance for India: Ideal for new greenfield developments
(like Noida International Airport) or the expansion of Tier 2 city
airports. It leverages the airport as an economic anchor to create
new, planned urban areas, attracting investment and jobs. It in-
corporates hotels, convention centres, retail, F&B, logistics parks,
and even residential communities, all connected by efficient mul-
timodal transport.

« Implications: Requires comprehensive masterplanning, sig-
nificant land banks, and innovative PPP models for integrated
development.

The "Green Sponge" Airport / Eco-Airport:

A regenerative or net-positive ambition requires an explicit
boundary and measured performance. Renewable generation,
landscape and efficient buildings are useful interventions, but do
not by themselves offset all impacts of airport growth.

« Relevance for India: Critical for addressing urban environ-
mental challenges like water scarcity, flooding, and air pollu-
tion.

Landscape and water systems must be compatible with wildlife-
hazard management, drainage and airfield safeguarding. Ecologi-
cal benefit cannot be assumed from adding wetlands near aircraft
operations.

The Specialized Cargo & Logistics Airport:

« Concept: Airports primarily designed and optimised for air
freight and logistics, potentially with minimal or no passenger
operations. These hubs would be strategically located near in-
dustrial corridors or manufacturing zones.
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« Relevance for India: Supports the growth of e-commerce,
high-value exports (pharmaceuticals, electronics), and strength-
ens India's position in global supply chains. It reduces conges-
tion at passenger-focused airports.

« Implications: Requires state-of-the-art automated cargo han-
dling systems, extensive warehousing, cold chain facilities, and
seamless multimodal connectivity to road and rail freight net-
works.

The Modular & Pop-Up Airport:

« Concept: Airports built using highly modular and prefabricat-
ed components, allowing for rapid deployment, incremental ex-
pansion, and even temporary or ‘pop-up' operations for specific
events or seasonal demand.

« Relevance for India: Ideal for quickly establishing air con-
nectivity in remote or underserved regions (UDAN routes), for
disaster relief operations, or for supporting large-scale tempo-
rary events (e.g., religious gatherings, trade fairs). Reduces con-
struction time and cost.

Temporary or modular facilities remain subject to applicable aer-
odrome, security, fire, accessibility and operating approvals. Short
duration does not justify lower safety assurance.

« The Midfield Mini Concourse / Satellite Terminal for Faster
Spoke Operations:

Concept: This typology focuses on optimizing efficiency for re-
gional, short-haul, and low-cost carrier (low-cost carrier) traffic,
which often relies on bus-based operations to remote stands. In-
stead of being an afterthought or squeezed into main terminals,
these are purpose-built, compact concourses located in the air-
field's midfield, connected to a main terminal via efficient Auto-
mated People Movers (APMs) or high-frequency bus shuttles.

Midfield satellites may improve gate access and phasing where the
airfield layout supports them. Their effect on taxi distance, trans-
fers and cost must be modelled for the actual configuration.

Key Design Elements:

A satellite concourse commonly relies on processing in a main
terminal, followed by an approved transfer to gates. The design
must preserve required separation and account for people-mover
capacity, assistance, baggage and disruption.
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« Maximized Bus Gates: A high concentration of bus gates
leads directly to the apron, optimizing the efficiency of bus-
based boarding and deplaning.

« Optimised Airside Access: Dedicated airside roads for shut-
tle buses and ground service equipment (GSE) ensure rapid
transfers without interfering with wide-body aircraft move-
ments on the main apron.

Passenger Experience Enhancements: While involving bus
transfers, the passenger experience is improved by dedicated,
comfortable holding lounges, clear multi-lingual signage, efficient
bus frequencies, and sheltered walkways to buses. This is critical
for Indian passengers, including those from Tier 2/3 cities poten-
tially unfamiliar with air travel.

Relevance for India: This model is particularly well-suited for
Indian airports, especially major hubs managing significant UDAN
and low-cost carrier traffic. It allows Tier 1 airports to decongest
their main terminals, maximize airside capacity, and cost-
effectively support the growth of regional connectivity, which is
central to the "Nation First" agenda. London Stansted Airport,
with its pioneering satellite buildings, serves as an early example
of this efficiency model.

The Subterranean / Integrated Urban Airport:

« Concept: Airports where significant portions of the infrastruc-
ture (terminals, parking, ground transport links) are located
underground, integrating seamlessly beneath existing urban
landscapes.

Below-ground facilities can release some surface space, but do not

remove obstacle, airspace, noise or safety constraints on develop-

ment around an operating airport.

« Implications: High construction costs, complex engineering
challenges, and stringent safety and ventilation requirements.

Shaping the Future: A Holistic Approach

The development of these disruptive typologies in India will not be
mutually exclusive. Future airport planning will likely involve a
combination of these models, tailored to specific regional needs
and national objectives. Tier 1 cities might see multi-airport sys-
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tems with specialized hubs (passenger, cargo, UAM), while Tier 2
cities focus on integrated aero-cities and green sponge designs.

The transition to these new typologies will require:

« Visionary Masterplanning: Long-term, adaptive plans that
anticipate future needs.

« Innovative Funding Models: PPPs that can support com-
plex, multi-functional developments.

« Regulatory Agility: Frameworks that can adapt to new tech-
nologies and operational concepts.

« Technological Integration: Digital Twins, Al, and automa-
tion as fundamental enablers for design, construction, and op-
eration.

« Community-Centric Development: Ensuring these new ty-
pologies genuinely benefit the surrounding populace in terms of
jobs, quality of life, and environmental health.

By embracing these disruptive airport typologies, India can pro-
actively shape its aviation future, creating infrastructure that is not
only efficient and sustainable but also deeply integrated with its
urban fabric, truly serving as a catalyst for national progress.
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CHAPTER 40

Automated ground operations and
electric fleets

Electric buses and ground equipment can reduce local combustion
emissions and support quieter operations. Their lifecycle benefit
depends on electricity, batteries, duty cycle and replacement,
while automation requires separate safety assurance.

The Rise of Autonomous Airside Vehicles (AAVs)

Autonomous Airside Vehicles are driverless vehicles designed to
perform various tasks on the airport's operational tarmac and ser-
vice roads. Their emergence is driven by the imperative to reduce
human error, optimise workflows, and address labor challenges in
often demanding operational environments.

Types of AAVs in Development/Pilot:

Trials of autonomous ground equipment should be evaluated for
the specific task, operating area and conditions. A successful
demonstration does not establish unrestricted deployment in a
mixed live apron.
Assisted aircraft-towing systems and autonomous vehicles are dif-
ferent concepts. The degree of automation, pilot or driver respon-
sibility, aircraft compatibility and approved procedure must be
stated.

« Autonomous Catering/Lavatory/Water Trucks: Vehicles
that can navigate to specific aircraft stands for service.

Drone use at an airport requires specific authorisation, coordina-

tion and separation appropriate to the operation. Inspection bene-
fits do not imply permission to fly near active aircraft without
controls.

- Enabling Technology: AAVs rely on a sophisticated suite of
sensors (LiDAR, radar, cameras), high-precision GPS, and ad-
vanced Al/Machine Learning algorithms for:

« Situational Awareness: Detecting obstacles, other vehicles
(autonomous and human-driven), aircraft, and personnel in re-
al-time (360° obstacle detection).
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« Navigation & Path Planning: Real-time route optimisation,
adherence to pre-defined pathways, and dynamic rerouting
around unexpected obstacles.

« Decision-Making: Reacting safely to unforeseen events, ad-
hering to airside rules, and coordinating with other airside us-
ers.

Fleet Management Systems: Centralized platforms (like
OTISS developed by Schiphol and Vanderlande) to orchestrate
and manage entire fleets of autonomous and non-autonomous ve-
hicles, providing real-time traffic information and suggesting op-
timal routes. A digital twin software (e.g., Auto-Sim) can be used
to model ground operations in a virtual environment, identifying
automation opportunities and supporting data-driven planning.

Benetfits:

Automation may reduce some errors while introducing new failure
modes, including sensing, software, communications and human-
supervision failures. Assess the complete operating system.
Equipment can support extended operating hours, but mainte-
nance, charging, supervision and workforce fatigue remain plan-
ning requirements.

« Cost Reduction: Lowers operational costs by reducing reli-
ance on manual labor for repetitive tasks and optimizing
fuel/energy consumption (especially if electric). Some estimates
suggest significant annual savings in manpower alone.

« Addressing Labor Shortages: Provides a solution to the in-
creasing challenge of recruiting and retaining staff for often de-
manding airside roles (long commutes, shift work, outdoor
conditions).

« Environmental Benefits: If electric, AAVs contribute to zero
tailpipe emissions and reduced noise pollution on the airside,
supporting airport sustainability goals and contributing to im-
proved air quality around airport premises.

Challenges:

« Regulatory Hurdles & Certification: Developing clear,
harmonized global and national regulatory frameworks for the
safe operation and certification of AAVs in complex, safety-
critical airport environments is the biggest barrier. Liability in
case of accidents is also a major concern.
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+ Integration with Human Operations: Seamlessly integrat-
ing AAVs into an environment where human-driven vehicles
and personnel still operate requires robust communication pro-
tocols and safety overlaps.

« Cybersecurity: Protecting AAVs from cyberattacks that could
compromise their navigation, control, or data is critical.

+ Reliability in All Conditions: Ensuring consistent perfor-
mance in diverse weather conditions (rain, fog, snow, extreme
heat) and complex scenarios.

« High Initial Investment: The upfront cost of acquiring AAVs
and implementing necessary digital infrastructure can be sub-
stantial, though long-term operational savings often justify it.

 Public Perception & Trust: Overcoming skepticism and
building trust in autonomous systems among airport staff, air-
lines, and the public.

Articulated Electric Buses: High-Capacity, Green
Ground Transport

Alongside autonomous vehicles, the evolution of airport buses to-
wards high-capacity, electric, and often articulated models is an-
other significant disruption in ground transport.

Bus capacity must be specified for the actual vehicle, baggage,
wheelchair provision, dwell time and approved operating condi-
tions. A nominal standing-passenger figure is not an airport-
service capacity.

Evaluate fleet procurement against the route, climate, charging
strategy, reliability and accessible boarding requirements rather
than copying another airport’s vehicle order.

Benetfits:

« High Passenger Capacity: Articulated buses can carry signif-
icantly more passengers, reducing the number of vehicles need-
ed and optimizing operational efficiency, especially for high-
demand routes like between terminals and remote stands
(which are crucial for low-cost carrier and regional operations).

« Environmental Benefits: Zero tailpipe emissions and signif-
icantly reduced noise pollution, directly contributing to im-
proved air quality and a quieter environment on the airside and
surrounding areas, supporting Net Zero ambitions.

Low-floor access, battery placement and passenger accommoda-
tion depend on the selected vehicle design. Accessible boarding
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and luggage space must be demonstrated, not inferred from elec-

tric propulsion.

Whole-life electric-fleet cost depends on utilisation, energy prices,

charging works, maintenance, battery life and residual value.

Compare it with a credible operating alternative.

« Reduced Congestion: Fewer buses needed for the same pas-
senger volume can help alleviate traffic on airside and landside
roads.

Challenges:

« Maneuverability in Tight Spaces: While articulated, their
length can still be a challenge in very confined or complex air-
side areas.

Charging provision should follow a fleet-duty and power study, in-

cluding resilience and the consequences of a charger or grid fail-

ure.

Any public incentive or procurement support must be checked
against the scheme and eligibility rules in force when the invest-
ment is made.

Synergy with Digital Tools and India's Future

Part V explains the digital foundations for these fleets. Three ap-
plications deserve testing:
Digital twin and decision support: Simulate routes, conges-
tion and task allocation across mixed fleets. Live coordination re-
quires validated interfaces, explicit operating limits and
accountable supervision.
Operational data: Vehicle location, battery condition, mainte-
nance history and performance support dispatch and maintenance
decisions when data quality is adequate.
Charging management: Coordinate vehicle duty, charger ca-
pacity, tariffs and available renewable energy while preserving op-
erational reserves and safe control of plant.

Demand and vehicle technology will change over the life of the
airport. Provide adaptable electrical and servicing interfaces while
avoiding premature fleet commitments.
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CHAPTER 41

Below ground: selective city—
airport integration

Underground infrastructure can connect an airport to the city
while conserving surface space. Rail stations, road links, utility
corridors, baggage systems and some passenger facilities already
demonstrate the range of possible functions. The planning ques-
tion is which function genuinely benefits from being below
ground, not whether an entire airport can be hidden beneath the
city.

This chapter does not propose underground runways or ordi-
nary aircraft take-off and landing through tunnels. Such claims
obscure the practical opportunities and the aerodrome's airspace,
obstacle, safety and operating requirements. Moving a terminal
below ground does not eliminate flight-path noise or release safe-
guarded land for unrestricted development.

Useful integration, specific constraints

A rail station beneath or beside the terminal can shorten the ac-
cess journey, provided vertical circulation, fares, operating hours
and interchange are convenient. Separate baggage or service tun-
nels may remove conflicts from passenger areas. Underground
parking can preserve a pedestrian forecourt, but its excavation,
ventilation and access costs must be compared with other parking
and transport strategies.

Below-ground space introduces groundwater, waterproofing,
flood entry, smoke control, evacuation, maintenance and con-
struction risks. Thermal stability of the ground is not a complete
energy assessment. Ventilation, lighting, pumping and passenger
comfort remain operating commitments. Daylight and clear orien-
tation matter, but visual effects cannot replace safe escape or ac-
cessible routes.

At a live airport, settlement and construction interfaces can
threaten operations. Investigations, design review, monitoring and
contingency plans need to be agreed by competent specialists and
the relevant authorities. Safeguard utilities and emergency access,
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plan possessions and test the operational consequence of an unex-
pected shutdown.

A selective role in Indian cities

Dense metropolitan regions may justify substantial underground
access infrastructure. Other locations may achieve better out-
comes through a simpler surface interchange. Compare whole-life
cost, embodied carbon, flood resilience, land use and passenger
benefit under credible scenarios. The CFCPD test is not the novel-
ty of the section drawing; it is whether the intervention makes the
city—airport relationship work better over time.
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CHAPTER 42

People movers, vertiports and the
access hierarchy

Airport integration requires a hierarchy of modes. Reliable rail,
metro, bus and road access form the practical foundation. An au-
tomated people mover may distribute passengers within a large
airport or precinct. A vertiport could add a specialised aerial con-
nection where certified aircraft, approved infrastructure, demand
and operating conditions justify it. Hyperloop remains a long-
horizon concept in this book, not a dependency for opening or ex-
panding an airport.
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CFCPD / CIVIC ATLAS 30

Mass access comes first

A possible vertiport is one additional node, not the whole system.

Rail / metro Possible vertiport

Airport interchange
Bus / coach Local access

Dashed link is conditional on feasibility and approval

Figure 30. A vertiport is a possible additional node in an integrated transport
network, not a substitute for mass access.

The access backbone comes first

Evaluate door-to-door time and cost, service hours, baggage con-
venience, step-free access and disruption. A fast vehicle with a re-
mote station or infrequent service may produce a poor journey.
Airport workers also need dependable access outside conventional
commuter hours. Their travel should be included in the transport
plan, not treated as an employment matter outside its scope.

An automated people mover (APM) is a controlled transit sys-
tem used to connect terminals, satellites or precinct destinations.
Its benefit depends on capacity, headway, boarding arrangements,
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reliability and recovery. A smaller on-demand vehicle is not auto-
matically more efficient than a larger scheduled service. Compare
the complete operating system, including maintenance, evacuation
and fallback transport.

Vertiports as an additional node

A vertiport serves aircraft capable of vertical take-off and landing,
potentially including electric aircraft. Integration with an airport
must resolve airspace and aerodrome compatibility, approach and
departure paths, obstacle protection, downwash, noise, charging
or energy supply, emergency response, weather limitations and
passenger transfer. Aircraft certification alone does not approve a
route or a site.

International guidance can inform appraisal but does not re-
place Indian permissions. The FAA's vertiport engineering guid-
ance is a United States reference, not an authorisation for an
Indian project. [8] The responsible authorities and operators must
establish the applicable requirements for the actual aircraft and
service.

Air taxis may offer time-sensitive or specialised journeys. Their
capacity and likely initial cost mean they should not be assumed to
solve mass airport access. A public investment case must consider
who benefits, who bears noise and land impacts, and whether the
same resources could improve access for more people through sur-
face transport. Preserve options where justified without letting an
uncertain future mode delay necessary bus or rail provision.

Speculation needs an exit condition

Hyperloop concepts propose low-pressure tube transport. Their
technical, commercial, evacuation and regulatory questions must
be resolved for a specific system before an airport relies on them.
Do not treat an advertised line speed as an achieved door-to-door
service or count hypothetical connections as present hub capacity.

For any emerging mode, define the evidence required to move
from monitoring to a pilot, from a pilot to safeguarding, and from
safeguarding to investment. A future-ready airport keeps choices
open; it does not pre-purchase every future. The transport plan
should remain useful if the most ambitious technology never ar-
rives.

197



GAURAV VATSA

CHAPTER 43

Augmented and virtual
experiences

Augmented and virtual reality can support selected passenger,
training and commercial tasks. They should solve a defined prob-
lem and remain optional where essential travel information is
concerned.

The Immersive Revolution: AR and VR Defined

« Augmented Reality (AR): Overlays digital information onto
the real world, enhancing what a user sees. This is typically ex-
perienced through smartphone screens, tablets, or specialized
AR glasses.

« Virtual Reality (VR): Creates a fully immersive, simulated
environment, transporting the user to a completely different
digital world, usually experienced through a VR headset.

AR-Enabled Passenger Experience: Enhancing the
Real World

AR holds immense potential for the day-to-day airport experience,
providing contextual, real-time information and engagement
without disconnecting the passenger from their surroundings.
Augmented guidance may help a passenger interpret a route, but
requires reliable location, current gate information and an acces-
sible interface. Physical signs and staffed assistance remain neces-
sary.

Real-time Information Overlay: Pointing a device at a flight

information display could instantly translate it into a preferred

language, or overlay real-time updates on gate changes, boarding
times, or baggage carousel numbers. Scanning a F&B outlet could
bring up its menu, wait times, or dietary information.

« Personalised Assistance: Virtual airport assistants (avatars)
could appear on a passenger's screen, offering personalised
guidance, answering questions, or even guiding them through
complex procedures like self-bag drop.
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« Language Translation: Real-time translation of signs or
conversations, breaking down communication barriers for in-
ternational travellers.

+ Interactive Entertainment & Engagement: AR games can
transform otherwise mundane waiting areas into interactive
play zones for children and adults. For instance, an AR game
where virtual objects are collected as a passenger navigates the
terminal, offering discounts or rewards upon completion.

Cultural Immersion: AR applications can bring airport art and

cultural installations to life. Scanning a sculpture could reveal its

history, the artist's biography, or a 3D animation of its cultural
significance, enriching the experience (building on concepts from

"Airport as Cultural Hub" in Part I).

VR-Enabled Passenger Experience: Transporting
Beyond the Terminal

VR, offering complete immersion, is best suited for experiences
that transport passengers beyond the physical confines of the air-
port, providing unique entertainment or pre-travel familiarity.

« Pre-Travel Familiarization: Passengers can take virtual
tours of the airport, their terminal, or even the inside of a new
aircraft cabin from the comfort of their home. This reduces pre-
travel anxiety by familiarizing them with the environment and
processes.

« Immersive Entertainment Lounges: Dedicated VR lounges
could offer unique entertainment experiences during dwell time,
such as virtual tours of popular tourist destinations, cinematic
VR experiences, or flight simulations. This turns waiting into an
exciting part of the journey.

+ Relaxation & Wellness: VR environments could provide
calming virtual nature scenes or guided meditations, offering a
unique stress-relief option within the often-bustling airport en-
vironment.

» Training & Simulation: For airport staff, VR offers highly re-
alistic training environments for security procedures, emergen-
cy response, ground handling, or customer service, without
disrupting actual operations.
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AR/VR in Retail: The Future of Airport Shopping

Retail applications should be tested for usefulness, accessibility,
privacy and incremental value rather than assumed to transform
sales.

« Virtual Try-On: AR mirrors or apps allow passengers to virtu-
ally try on clothing, accessories (watches, jewelry), or makeup
without physically touching items. This enhances hygiene and
convenience, especially for high-value items, and can support
product comparison and voluntary purchase.

 Interactive Product Displays: AR overlays can provide de-
tailed product information (ingredients, reviews, origin), com-
parison tools, or demonstrate product features dynamically,
enhancing the shopping experience.

Immersive Brand Experiences: Brands can create VR show-
rooms where passengers can explore products in a virtual, luxuri-
ous setting. Imagine test-driving a virtual car from a luxury brand
or experiencing a new travel destination virtually before booking.
These create memorable brand touchpoints that extend beyond a
physical store.

Personalised offers should use appropriate permissions and clear
opt-outs. Essential directions and flight information must not de-
pend on a commercial profile.

Digital Stores & Product Launches: VR could enable "virtual
stores" where passengers can browse full product catalogs that ex-
ceed the physical footprint of the airport store. AR can be used for
exclusive product launches or activations, offering interactive ex-
periences that drive interest to both physical and online sales
channels, turning the terminal into a dynamic showroom.

Challenges and Considerations

Despite the immense potential, implementing widespread AR/VR

in airports faces challenges:

 Cost of Infrastructure & Content: Developing and main-
taining the necessary hardware (sensors, powerful Wi-Fi, spe-
cialized displays, VR headsets, AR glasses) and creating high-
quality AR/VR content is a significant upfront investment.

Device availability, connectivity, battery, language and digital con-

fidence vary. Test the actual users and retain a non-device route to

essential services.
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« Data Privacy & Cybersecurity: Collecting data on passenger
movements and interactions for AR/VR personalization raises
significant data privacy concerns, requiring robust cybersecurity
and compliance with regulations like India's DPDPA.

» Technological Maturity & Seamlessness: Ensuring
AR/VR applications are truly seamless, reliable, and user-
friendly in a complex, dynamic airport environment, without
causing motion sickness, technical glitches, or disorientation.

- Digital Divide: Ensuring that passengers less comfortable
with technology are not excluded from essential services or ben-
efits, potentially requiring human assistance to complement
AR/VR tools.

 Safety (for VR): Ensuring a safe environment for VR users
who might be temporarily disoriented or unaware of their phys-
ical surroundings in a public space.

Relevance for India

India’s travellers include people with widely differing language,
access and digital needs. AR or VR should be introduced selective-
ly where it demonstrates value without excluding others.

« Enhance 'Nation First' Cultural Projection: Offer immer-
sive ways to experience India's diverse culture directly within
the airport, creating unique cultural touchpoints for both inter-
national visitors and domestic travellers.

+ Boost Non-Aeronautical Revenue: Drive engagement and
sales in retail and F&B by making the shopping experience more
interactive and personalised.

« Improve Passenger Well-being: Reduce travel stress
through intuitive navigation, engaging distractions during dwell
time, and a more pleasant overall environment.

« Support Skill Development: Create new jobs in AR/VR con-
tent creation, software development, and hardware mainte-
nance within the aviation sector.

Use immersive technology where it improves comprehension,
training or an optional experience. Retain it only when measured
benefits justify its cost and operating burden.
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CHAPTER 44

Aircraft energy transitions and
airport readiness

New propulsion systems could change the airport's fuel, power,
stand and emergency-service requirements. The direction is im-
portant; the rate and extent of adoption are uncertain. Airports
should distinguish infrastructure that improves today's operation
from infrastructure that becomes useful only if a particular aircraft
and commercial network emerge.

Sustainable aviation fuel, hydrogen, battery-electric and hybrid-
electric systems are not interchangeable. They differ in aircraft
compatibility, supply chains, energy demand, storage, operational
procedures and lifecycle impacts. This chapter addresses planning
questions, not detailed fuel-system design or a forecast of entry in-
to service.

Hydrogen: energy carrier and infrastructure
commitment

Hydrogen may be used in combustion or in fuel cells that generate
electricity. It has high energy per unit mass but low volumetric en-
ergy density, creating storage and aircraft-integration challenges.
Liquid hydrogen requires cryogenic handling. Combustion can
produce nitrogen oxides and water vapour; fuel-cell systems avoid
combustion emissions at the point of use, but neither pathway is
automatically climate-neutral over its lifecycle.

An airport should not assume that on-site production is the pre-
ferred supply model. Compare production elsewhere, transport,
storage, distribution, energy and water requirements, safety dis-
tances and actual airline demand. The electricity used for produc-
tion and conditioning belongs in the carbon and cost assessment.
Safeguarding a compatible location may be sensible before com-
mitting to a fuel farm whose operating case is uncertain.

Detailed design, refuelling procedures and emergency response
require competent specialists, aircraft-system compatibility and
applicable approvals. There is no universal commissioning date or
ready-made layout that every airport should adopt. A pilot should
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have defined boundaries, trained personnel, acceptance criteria
and a credible decommissioning or expansion route.

Battery-electric and hybrid aircraft

Battery-electric aircraft face relationships among energy storage,
payload, range, reserves, weather and turnaround. Airport plan-
ning should use the characteristics of a credible aircraft and oper-
ating concept, not a generic promised range. Charging demand
can be highly concentrated; evaluate grid capacity, redundancy,
thermal management, fire response and the effect of charging time
on stand occupancy.

Electric propulsion has no combustion exhaust at the point of
use, but electricity generation, battery manufacture and replace-
ment remain relevant. Noise also depends on the complete aircraft
and operation, not only on the motor. Do not label the service si-
lent or emission-free without stating the boundary.

Hybrid-electric systems combine energy sources and propulsion
components in different arrangements. Potential efficiency gains
must be weighed against mass, complexity, maintenance and the
duty cycle. A hybrid design does not necessarily remove the need
for conventional fuel infrastructure, and savings cannot be as-
sumed for every route.

What to do now

Maintain an energy and infrastructure scenario plan linked to
credible airline commitments and technology milestones. Identify
grid and utility constraints that have value across several futures.
Avoid incompatible development in locations that may be needed
later, where the option has a justified cost. Build specialist capabil-
ity and engage regulators early, but do not turn speculative readi-
ness into an unconditional capital obligation.

CFCPD asks two questions at once: can the airport support
a cleaner aviation system, and can it do so without stranding re-
sources needed for present access, safety and reliability? The an-
swer is staged investment supported by evidence, not a choice
between ignoring innovation and financing it prematurely.
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CHAPTER 45

Modular construction and
controlled delivery

The ambitious growth trajectory of India's aviation sector de-
mands equally ambitious and efficient construction methodolo-
gies. Traditional on-site, stick-built construction, while providing
bespoke solutions, can be time-consuming, resource-intensive,
and disruptive. The future of airport development, particularly for
rapid expansion and new installations, lies in the widespread
adoption of modular and prefabricated construction. These dis-
ruptive techniques enable faster deployment, superior quality, en-
hanced cost predictability, and significant environmental benefits,
fundamentally reshaping how airports are built and scaled in the
'Constructability' aspect of the CFCPD framework.

Defining Modular and Prefabricated Construction

These terms, often used interchangeably, refer to distinct yet com-
plementary off-site construction methods:

Modular Construction: Involves constructing entire three-
dimensional sections or "modules" of a building in a factory-
controlled environment. These modules can be fully fitted out (in-
cluding plumbing, electrical, and finishes) before being transport-
ed to the site and assembled. Think of them as Lego bricks for
buildings.

Prefabricated Construction (Prefab): Encompasses the
manufacturing of building components or assemblies (e.g., wall
panels, floor slabs, roof trusses) off-site. These pre-manufactured
elements are then transported and assembled on the construction
site. It's a broader term than modular, as it can involve 2D or 3D
elements, but not necessarily complete volumetric units.

The Disruptive Benefits for Airport Development

The advantages of adopting modular and prefabricated construc-
tion methods for airports are profound and multifaceted:
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Accelerated Speed of Deployment:

Off-site manufacture can overlap with foundations and reduce
some site activities. Programme savings depend on design maturi-
ty, approvals, factory capacity, logistics and interface control; no
universal percentage should be assumed.

« Minimized Disruption: For brownfield expansions (at op-
erational airports), less on-site activity means reduced noise,
dust, and traffic congestion, minimising disruption to ongoing
airport operations and passenger experience. This directly con-
tributes to operational efficiency and safety.

Enhanced Cost Predictability and Reduction:

« Factory Efficiency: Controlled factory environments optimise
labor efficiency, reduce material waste, and allow for bulk pur-
chasing, leading to cost savings.

+ Reduced Delays: Less susceptible to weather delays or on-site
labor shortages, leading to more predictable schedules and
budgets, and fewer cost overruns. This directly supports the
"Frugality and Earned Value" principles (Part II).

« Earlier Revenue Realization: Faster project completion
means the airport can become operational or expand capacity
sooner, leading to quicker revenue generation and improved fi-
nancial returns (aligning with "Speed of Capitalization and Re-
turn" in Part II).

Superior Quality Control:

« Controlled Environment: Factory production minimizes ex-
posure to adverse weather conditions and allows for stricter
quality control checks at every stage of fabrication, resulting in
higher precision and fewer defects than on-site construction.

« Standardization: Encourages standardization of components,
leading to consistent quality across multiple modules or air-
ports.

Significant Sustainability Advantages:

Waste reduction depends on fabrication, standardisation,
transport damage, packaging and the comparison baseline. Meas-
ure the full material flow rather than apply a generic factory-
construction saving.

« Lower Embodied Carbon: Reduced on-site construction ac-
tivities mean fewer vehicle movements, less energy consump-
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tion on-site, and optimised transport logistics for components.
Using sustainable materials in a factory setting is easier to con-
trol.

» Resource Efficiency: More precise use of materials and re-
duced need for temporary site facilities.

+ Green Construction Power: As discussed in Part IV, off-site
fabrication can benefit from centralized, greener energy sources
(like solar/wind-powered factories), making the entire construc-
tion process more sustainable.

Improved Safety:
Factory conditions may control some hazards more effectively,

while transport, lifting and assembly introduce others. Compare
risk across the complete delivery sequence.

Flexibility and Adaptability:

Modular designs inherently allow for easier future expansion or
reconfiguration. As passenger needs or operational requirements
change, modules can potentially be added, removed, or repur-
posed, enhancing the long-term utility and adaptive reuse poten-
tial of airport assets. This is crucial for future-proofing designs (as
discussed in "Terminal Planning Concepts" and "Adaptive Reuse"
chapters).

Applications in Airport Development

+ Terminal Expansions & New Modules: Adding new wings,
concourses, baggage claim areas, or even entire small terminals
using modular units.

« Support Buildings: Constructing administrative offices, secu-
rity checkpoints, restrooms, F&B outlets, and retail spaces.

« Air Traffic Control (ATC) Towers: Modular construction
has been used for rapidly deploying ATC towers.

« Specialized Facilities: Building MRO hangars, cargo facili-
ties, or even temporary structures for events.

 Airport Hotels: Modular construction is increasingly popular
for hotels adjacent to airports due to speed of delivery.

Challenges and Considerations

While highly beneficial, adopting modular and prefabricated con-
struction at scale requires addressing certain challenges:
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« Transportation Logistics: Transporting large, heavy mod-
ules from the factory to the airport site requires careful plan-
ning, specialized transport vehicles, and often permits for
oversized loads, especially in India's diverse road networks.

« Upfront Design & Coordination: Requires careful upfront
design and precise coordination between architects, engineers,
and manufacturers to ensure seamless integration on-site.

+ Regulatory & Building Code Adaptation: Existing building
codes and approval processes may need to adapt to accommo-
date modular construction methods, which differ from tradi-
tional site-built approaches.

« Perception: Overcoming any outdated perception that prefab-
ricated equals lower quality; modern modular construction is
high-precision and high-quality.

« Initial Investment in Factories: Requires investment in off-
site manufacturing facilities capable of producing large-scale
airport components.

Relevance for India: Accelerating the Infrastructure
Agenda

Modular construction is valuable where repetition, logistics and
lifecycle adaptability support it. Indian airport projects should
compare it with other methods on programme, quality, safety, cost
and carbon, and retain the flexibility needed for local conditions.
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CHAPTER 46

Long-span structures: efficiency
and resilience

Large, open terminal spaces can improve sightlines, circulation
and flexibility. Their structural systems must also support safe
construction, maintainability, fire performance, service integra-
tion and resilience. The best solution depends on geometry, loads,
materials, local hazards, ground conditions, supply chain and the
intended life of the building.

This chapter sets out selection criteria, not a structural design or
a universal ranking. Seismic provisions and project-specific hazard
classification must be confirmed by the responsible engineers us-
ing the currently applicable codes and approvals. A system name,
a steel tonnage or a nominal span cannot establish compliance.

Compare systems on a common basis

Space frames can offer two-way load distribution and modular as-
sembly, but their performance depends on configuration, nodes,
supports, bracing and detailing. Long-span trusses can provide ef-
ficient directional spans and useful service zones. Precast and steel
hybrids can suit repetitive floors or concourses where connections
and erection sequence are resolved. Tensile or lightweight systems
may suit some roofs or ancillary spaces, subject to their distinct
loading, movement, fire and durability requirements.

None is inherently the lightest, safest or fastest for every termi-
nal. Establish the same span, loading, deflection, vibration, fire,
durability and architectural criteria before comparing quantities.
State whether the reported mass includes secondary steel, bracing,
decking, cladding, supports and foundations. An apparently low
roof weight can conceal costs elsewhere in the system.

Assess the complete load path, connection behaviour, dia-
phragm action where applicable, movement joints, non-structural
components and interaction with foundations. Ductility and re-
dundancy are designed properties, not automatic consequences of
using steel or a three-dimensional frame. Base isolation or energy
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dissipation may be appropriate in selected projects, but require a
specific engineering and lifecycle assessment.

Buildability and continued use

Construction sequence can govern the design. Transport limits,
crane positions, temporary works, erection tolerances and work
beside an operating airport must be tested early. A prefabricated
system may shorten some site activities while increasing the need
for design freeze, factory assurance and interface control.

Maintenance access to roof finishes, drainage, lighting, services
and connections should be designed with the structure. Consider
inspection routes, fall protection, replacement paths and the abil-
ity to isolate a zone. A small reduction in initial material is not
good value if it produces decades of hazardous or disruptive
maintenance.

Carbon appraisal should use project quantities and defensible
material data, including fabrication, transport, replacement and
end-of-life assumptions. Recyclability is not the same as verified
recycled content or a low-carbon supply chain. Optimise whole-life
performance rather than a single tonnage figure.

CFCPD does not prescribe an architectural form. It requires the
form to be justified: culturally meaningful where appropriate, fi-
nancially supportable, accessible in use, responsible in material
demand and documented well enough for future renewal. Engi-
neering judgement makes that integration credible.
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CHAPTER 47

Spaceports: a long-horizon
question

Spaceports and suborbital passenger transport belong to the long-
est-horizon discussion in this book. A spaceport supports launch
or landing operations for spacecraft under a distinct safety and
regulatory regime. Suborbital flight reaches high altitude without
completing an orbit; the sensation of weightlessness is associated
with free fall, not the disappearance of Earth's gravity.

Rapid point-to-point travel through near-space remains a spec-
ulative transport proposition here. Advertised flight times are not
demonstrated door-to-door journeys, and tourism activity does
not establish a mass-market transport network. Airport policy
should not count hypothetical suborbital traffic as a source of rev-
enue or use it to justify ordinary terminal capacity.

The limits of integration

Possible shared services include regional transport links, skills,
hospitality and selected supply chains. Launch and recovery oper-
ations may instead require substantial separation because of noise,
blast, hazardous materials, exclusion zones, debris risk and air-
space closures. Co-location with a busy civil airport is therefore a
question to investigate, not a presumed efficiency.

Any proposal requires its own demand, safety, environmental,
land-use and regulatory case. The consequences for surrounding
communities and conventional aviation must be examined inde-
pendently. National technological ambition does not remove these
obligations.

For the airport planner, the proportionate response is to moni-
tor developments and avoid unjustified claims. Protecting a specif-
ic option may be appropriate where a competent study
demonstrates its value. Most airport projects should continue to
prioritise safe, accessible and resilient aviation. The ability to de-
cline a premature investment is part of future-readiness.
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PART VII
The Way Forward

CHAPTER 48
India and the next thirty years

India can influence the future of aviation by showing that rapid
growth and a broader definition of airport quality belong together.
The achievement will not be measured only by the size of the mar-
ket or the number of terminals commissioned. It will be measured
by the reliability of connections, the reach of opportunity, the
strength of domestic capability and the quality of the places air-
ports help to shape.

The next thirty years cannot be represented responsibly by one
traffic curve. Income, fares, fuel and carbon costs, airline competi-
tion, surface transport, climate disruption, geopolitics and tech-
nology can change both demand and the way it is served. Planning
should make these uncertainties visible and identify decisions that
remain useful across several futures.

Three scenarios, not three predictions

In an integrated-growth scenario, improving affordability is
matched by viable airlines, reliable hubs, useful regional gateways,
public transport and workforce capability. Airport investment fol-
lows service and network requirements rather than isolated capac-
ity announcements. Environmental constraints are addressed
through efficiency, cleaner energy and credible mitigation rather
than ignored until they delay projects.

In a fragmented-growth scenario, terminals and traffic expand
but policy, schedules and surface access remain poorly aligned.
Some passengers gain direct services while others lose workable
connections. Airport cities develop unevenly, and distance or cost
excludes parts of the intended catchment. The country may be-
come a larger market without achieving comparable network or
institutional strength.
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In a constrained-growth scenario, affordability, energy, climate,
financial or geopolitical pressures limit expansion or make it more
volatile. The most resilient airports are those with phased com-
mitments, adaptable facilities, sound maintenance and realistic
downside plans. Preserving optionality becomes more valuable
than claiming a single forecast was correct.

India and adjacent markets

Connections with South Asia, the Gulf, Southeast Asia and the
wider world will depend on commercial demand and the permis-
sions, partnerships and operating conditions that make service
possible. These markets are not merely traffic to be captured. They
include destinations, labour and family links, tourism, trade and
competing or complementary networks. Policy should examine the
total journey and economic relationship, not only the airport at
which a transfer occurs.

A stronger Indian hub system can coexist with useful foreign
hubs and direct regional services. The durable advantage is a reli-
able, competitive product supported by capable institutions. Geo-
graphic position is an opportunity; it is not an entitlement to
transfer traffic.

Across all scenarios, certain commitments remain val-
uable: safe infrastructure, competent people, transparent regula-
tion, affordable access, efficient operations, environmental
measurement and accountable digital systems. CFCPD connects
these commitments so that ambition does not depend on a single
technology or ownership model. The implementation chapter now
turns that connection into a programme of decisions.
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CHAPTER 49

From manifesto to mandate:
implementing CFCPD

A manifesto creates value only when it changes a decision. CFCPD
should therefore enter the airport lifecycle at the points where
scope, capital, contracts and accountability are established—not
after design completion as a sustainability or branding review.

Begin with governance and evidence. Technology, certifica-
tion and visual dashboards follow.

Establish the mandate

The airport board or accountable public authority should adopt a
short CFCPD mandate defining the outcomes expected from Cul-
ture, Finance, Community, Planet and Digital. The mandate
should identify financial sustainability as the enabling condition,
state the cross-pillar decision rule and assign executive ownership.

A cross-functional CFCPD council should include planning, fi-
nance, operations, commercial, sustainability, technology, securi-
ty, human resources and community engagement. It should not
become another approval committee. Its purpose is to resolve
trade-offs early and maintain a common evidence base.

Establish the baseline

Before setting targets, the airport should document its existing
condition. The baseline should include traffic and peak profiles,
asset capacity, capital commitments, lifecycle cost, revenue com-
position, passenger experience, employee conditions, accessibility,
community impact, energy, water, carbon, waste, digital architec-
ture, cyber maturity and data quality.

Each baseline measure requires a definition, unit, boundary,
source, owner and verification method. Where data are unavaila-
ble, the gap itself becomes a managed risk. Apparent precision
based on unreliable data is more dangerous than an acknowledged
estimate.
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Apply the financial gateway

Every major CFCPD intervention should pass a financial sustaina-
bility gateway. The analysis should include initial capital, operat-
ing cost, renewal cost, revenue or avoided cost, risk exposure,
funding source, affordability and non-financial value. Projects
with weak direct returns may still be justified by safety, public ser-
vice, resilience or environmental obligation, but the funding
mechanism and long-term maintenance must be explicit.

The gateway prevents two errors: rejecting essential pub-
lic-value investments because they do not generate direct revenue,
and approving attractive initiatives without providing the re-
sources required to sustain them.

Integrate CFCPD into the masterplan

The masterplan should contain a CFCPD spatial and investment
layer. Cultural programmes require locations, operating partners
and renewal budgets. Community commitments require access,
land and governance. Planet targets require utility corridors, ener-
gy and water strategies, carbon budgets and climate safeguards.
Digital ambition requires data standards, sensor architecture,
cyber zoning and model ownership. Financial analysis determines
sequence and trigger.

Phasing should be tied to observable triggers rather than dates
alone. Passenger volume, peak saturation, service level, asset con-
dition, airline commitments, commercial demand, regulatory
change and funding availability may each trigger a different inter-
vention.

Use AERONOVA as the decision cycle

AERONOVA should begin with a limited number of high-value de-
cisions rather than an attempt to model the whole airport at once.
Suitable pilots include terminal phasing, stand utilisation, staffing,
energy optimisation, baggage resilience, curb management or
commercial footfall. Each pilot should demonstrate a baseline,
recommendation, accountable decision and measured outcome.

Embed requirements in procurement

RFPs should convert aspirations into deliverables. Bidders should
state the evidence supporting claimed scores, design assumptions,
lifecycle consequences, interfaces, future safeguards and data
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handover requirements. Contract milestones should link payment
to verified outcomes where the supplier can reasonably control
them.

The operator should retain ownership or durable rights over
project data, configuration records, models and interfaces. Digital
deliverables must be usable after the consultant or vendor has
completed its appointment.

Measure, publish and reinvest

CFCPD performance should be reported annually using a stable
core of indicators and a transparent explanation of changes. The
report should distinguish achieved outcomes from planned initia-
tives and disclose material trade-offs. Financial benefits attributa-
ble to efficiency, avoided capital or new income should support a
defined reinvestment programme across the five pillars.

A staged roadmap

A staged programme should begin with the mandate, baseline,
priority risks and a small set of pilot decisions. It can then inte-
grate CFCPD into the masterplan, capital process and procure-
ment, before scaling verified methods. Set dates to match the
airport’s capability and obligations rather than treating an illustra-
tive first-year timetable as a universal requirement.
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CFCPD / CIVIC ATLAS 31

Three responsibilities, one outcome

The manifesto needs decisions beyond the design team.

@ POLICYMAKERS
Align services, investment and city access.

@ BOARDS AND OPERATORS
Fund obligations and disclose performance.

e PASSENGERS AND COMMUNITIES
Make experience and local impacts visible.

Distinct roles; statutory accountability remains with authorities
Figure 31. The manifesto asks policymakers, airport boards and the public to

connect their distinct responsibilities to a funded, measured commitment. Public
feedback informs decisions; it does not replace statutory accountability.
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CFCPD / CIVIC ATLAS 32

Turn intent into an obligation

Connect policy, procurement, operations and public reporting.

@
®
©
0
o

MANDATE
Name the public purpose

BASELINE
Measure current conditions

APPRAISE
Compare options and burdens

CONTRACT
Fund and assign obligations

VERIFY
Report results and correct course

Evidence from delivery informs the next mandate

Figure 32. An implementation sequence links policy intent to procurement, oper-
ations and public reporting.

Implementation tests

An airport can test whether CFCPD has moved beyond rhetoric by
asking five questions: Has a capital decision changed because of
cross-pillar evidence? Has an unnecessary phase been deferred or
redesigned? Has a public-value commitment received a funded
lifecycle plan? Can the operator trace a digital recommendation to
accountable approval? Are benefits being measured and reinvest-

ed?

The objective is not to achieve a perfect score at opening. It is
to create an institution capable of improving its score without
losing financial resilience or public trust.
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Epilogue: the airport as a
public promise

An airport can be judged at several scales. At the national scale, it
connects markets, strengthens capability and influences where in-
vestment can occur. At the city scale, it shapes access, employ-
ment, land and environmental exposure. At the scale of the
individual journey, it succeeds or fails through clarity, reliability,
affordability and care. These are not separate accounts of the air-
port. They are the same project seen from different positions.

India's airport achievements provide a foundation for a broader
ambition. New terminals have demonstrated that cultural expres-
sion, contemporary architecture and better facilities can belong
together. The next advance is to make that quality consistent
across policy, networks, access, operations and the surrounding
region. A landmark should be the visible expression of a working
public system, not a substitute for one.

That requires government to treat aviation as a durable part of
future mobility and economic development. Airport approvals, air-
service policy, airline capability, public transport and regional
planning should reinforce one another. It requires operators to
turn commercial success into dependable maintenance, renewal
and service. It requires designers to translate those commitments
into places that remain useful as demand and technology change.

CFCPD is the lens that keeps the argument together. Culture es-
tablishes belonging. Finance sustains the promise. Community
tests the distribution of opportunity and burden. Planet sets the
responsibility to resources, ecosystems and future generations.
Digital makes evidence available for better decisions without al-
lowing responsibility to disappear into a model.

The manifesto does not promise harmony without difficult
choices. A transfer bank may conflict with local schedules. A
commercial proposal may compete with public space. A future op-
tion may require land that has present value. A low initial price
may carry a high maintenance burden. The discipline is to expose
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these conflicts, compare credible alternatives and record who is
accountable for the result.

The Living Brief keeps the airport listening. No Idle Land gives
every reserve parcel a purpose. AERONOVA tests changing as-
sumptions. The Sentient Twin supports judgement. The proposed
scorecard asks whether the commitments have evidence behind
them. None is valuable merely because it has been named; each
must improve an actual decision.

The final questions are therefore practical. Can people reach the
airport when they need it? Can airlines build reliable services
through it? Can workers and neighbouring communities share in
the opportunity? Can its commitments survive financial pressure
and environmental change? Can the next generation adapt what
this generation builds?

An airport serves the nation when these questions remain pre-
sent after the opening ceremony. That is the CFCPD promise: not
simply to build more, but to make what is built more meaningful,
more accountable and more capable of serving the future.
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Appendix A
The proposed CFCPD
assessment framework

The proposed CFCPD rating system is a decision and review
framework. It is not an accredited certification scheme or a substi-
tute for statutory approval. Its purpose is to translate the manifes-
to into evidence that can be examined during planning,
investment, procurement, construction and operation.

A high aggregate score cannot compensate for financial fra-
gility, legal non-compliance, unsafe design, inaccessible in-
frastructure or inadequate cybersecurity.

The financial sustainability gateway

Before points are awarded, the airport should demonstrate an ap-
proved long-term financial plan covering capital commitments,
operating cost, renewal obligations, funding sources, affordability
and major downside scenarios. This gateway does not require eve-
ry initiative to generate direct revenue. It requires the airport to
show how each commitment will be funded and maintained.

Core score and future-readiness modifier

The scorecard consists of five core pillars and a separate future-
readiness modifier. Future-readiness is not a sixth CFCPD pillar.
It rewards optionality, safeguarded interfaces and resilience across
the five pillars. Airports should not receive additional credit mere-
ly for purchasing speculative technology.

Mandatory eligibility conditions

Eligibility should require compliance with applicable safety, secu-
rity, accessibility, environmental and data-protection obligations.
Material failure must not be hidden by a high aggregate score. The
proposed instrument does not issue regulatory clearance.
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Evidence protocol

Every KPI submission should state the definition, unit, reporting
boundary, baseline year, target year, data source, calculation
method, accountable owner, reporting frequency and independent
verifier. Claims should distinguish achieved performance from
contracted, funded and merely proposed actions.

Airport typology

Targets should be calibrated for regional airports, metropolitan
origin-and-destination airports, international hubs, cargo airports,
constrained brownfield sites and greenfield developments. The
principles remain consistent; the scale and evidence thresholds
may differ.

Maturity levels

For each KPI, assess four maturity levels: Compliant, Pro-
gressing, Advanced and Transformative. This supports continuous
improvement and avoids treating the opening-day condition as the
final state.

Anti-gaming rule

A claim should not score where its apparent benefit depends on
shifting cost, carbon, congestion or exclusion outside the selected
reporting boundary. On-site renewable generation should be dis-
tinguished from purchased certificates; local employment should
address job quality; cultural programmes should measure partici-
pation; digital adoption should preserve accessible alternatives;
commercial revenue should not depend on unfair monopoly pric-
ing.

Purpose of the CFCPD Rating System

The framework should guide both new development and existing-
airport improvement. It provides common questions while allow-
ing evidence and targets to reflect local circumstances.

Recommended Rating-System Deliverables

A complete implementation pack should include a scorecard
workbook, KPI evidence sheets, a review dashboard, independent-
verification protocol, typology guidance and model procurement
clauses. These tools should be maintained separately from the nar-
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rative book so that targets can be updated without altering the
manifesto.

An evidence profile for each pillar

CFCPD / CIVIC ATLAS 33

A rating starts with eligibility

A good aggregate score cannot excuse a failed obligation.

01 ESTABLISH ELIGIBILITY

Check applicable safety, legal and essential-service
obligations first.

l

O 2 EXAMINE THE FIVE PILLARS

ONONORONO

Culture Finance Community Planet Digital
O COMMIT TO IMPROVEMENT
Publish evidence, priorities, owners and a verification
timetable.

Conceptual rating framework; not a certification scheme

Figure 33. Eligibility, evidence and an improvement plan come before an overall
CFCPD rating.

Culture: Place, legibility and participation

Evidence of regional design intent, paid cultural participation, in-
clusive interpretation and a funded renewal programme.
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Review record: baseline and boundary; evidence and confidence; agreed tar-
get; owner and funding; verification date.

Finance: Whole-life viability and affordability

A funded capital, operating and renewal plan; downside testing;

user-cost and value-for-money evidence.
Review record: baseline and boundary; evidence and confidence; agreed tar-
get; owner and funding; verification date.

Community: Access and fair distribution

Door-to-door access, universal design, job quality, local participa-

tion, consultation and resolution of adverse impacts.
Review record: baseline and boundary; evidence and confidence; agreed tar-
get; owner and funding; verification date.

Planet: Absolute impact and resilience

Defined carbon, energy, water and waste boundaries; measured
outcomes; climate, ecology and wildlife-risk management.

Review record: baseline and boundary; evidence and confidence; agreed tar-
get; owner and funding; verification date.

Digital: Useful intelligence and accountable control

Validated use cases, data quality, security, privacy, interoperabil-

ity, human authority and tested degraded operation.
Review record: baseline and boundary; evidence and confidence; agreed tar-
get; owner and funding; verification date.

Any future numerical weighting or qualification threshold
should be piloted across airport types and independently reviewed
before formal use. Until then, report a five-pillar evidence profile
and a funded improvement plan rather than claim certification.

Benefits of Using the CFCPD Rating System

« Holistic Growth: Integrates cultural, financial, community,
environmental, and digital goals.

« National Alignment: Advances ESG, Smart Cities, Hydrogen
Mission, and Net Zero commitments.

« Efficiency: Promotes modular construction, prefab, and digital
twin technologies for faster delivery.

» Resilience: Ensures climate-adaptive, future-ready infrastruc-
ture.
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+ Economic Uplift: Boosts non-aero revenue, job creation, local
enterprise participation.

« Global Benchmarking: Elevates Indian airports as models of
innovation, inclusivity, and sustainability.

« Transparency: Provides a clear, fair, measurable framework
for design, construction, and operational evaluation.

Summary of Application

Stage CFCPD Use

Master planning Site layout, zoning, land-use evaluation

Design bid Mandatory scoring and comparison tool
Construction KPI-linked contract monitoring
Operations Annual reporting, performance audits

Model RFP Clause for CFCPD Integration

An illustrative procurement requirement is: “The bidder
shall explain how its proposal addresses Culture, Finance, Com-
munity, Planet and Digital; identify the applicable mandatory ob-
ligations; provide evidence and lifecycle funding for material
commitments; disclose assumptions and trade-offs; and define da-
ta, interoperability, cybersecurity and human-accountability ar-
rangements. Claimed performance shall be distinguished as
achieved, contracted, funded or proposed.” Project counsel and
the procurement authority must adapt this wording to the contract
and applicable law.
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Appendix B
Sources and visual credits

The manifesto combines professional judgement and proposed
methods with selected policy and technical references. Numerical
targets require a defined period, boundary, baseline and method.
Conceptual figures in this edition are explanatory, not measured
airport data. Statutes, standards, programmes and technology sta-
tus should be checked at the point of project use.

1. Aviation policy and market context

Ministry of Civil Aviation, Annual Report 2025. Policy and market context; indi-
vidual traffic rights require the relevant current agreement and permissions.

https://www.civilaviation.gov.in/sites/default/files/2026-04/annual-report-english-
2025-moca.pdf
2. Economic regulation

The Airports Economic Regulatory Authority of India Act, 2008, India Code.
Consult the applicable amended text and relevant orders for a project.

https://www.indiacode.nic.in/bitstream/123456789/2090/1/A2008-27.pdf

3. Author’s digital concepts

NIA Sentient Digital Twin and NIA AeroNOVA concept interfaces supplied by the
author. These illustrate the proposed approach, not independent validation of
deployed capability.

https://dxntwin.netlify.app/ | https://vermillion-fox-2d63a2.netlify.app/

4. International environmental ambition

ICAO, Aviation Is Environmentally Sustainable. The international aviation aspi-
ration must be distinguished from airport-controlled emissions.

https://www.icao.int/strategic-goals/aviation-environmentally-sustainable

5. Airport Carbon Accreditation

Airport Carbon Accreditation, seven levels and Level 5. Consult the programme’s
current requirements and an airport’s verified certification scope.

https://www.airportcarbonaccreditation.org/about/7-levels-of-accreditation/

6. Operational-technology security

NIST SP 800-82 Revision 3, Guide to Operational Technology (OT) Security,
September 2023.
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https://csre.nist.gov/pubs/sp/800/82/r3/final

7. Personal-data protection

Ministry of Electronics and Information Technology, Digital Personal Data Pro-
tection Rules, 2025, and associated commencement material. Check the applica-
ble phased implementation.

https://www.meity.gov.in/

8. Vertiport infrastructure

US Federal Aviation Administration, Advanced Air Mobility Infrastructure and
Engineering Brief 105A. A reference for discussion, not an Indian approval
standard.

https://www.faa.gov/airports/new_entrants/aam_infrastructure

9. Green-hydrogen policy
Ministry of New and Renewable Energy, National Green Hydrogen Mission, ap-

proved January 2023. The 2030 production-capacity objective is a national poli-
cy target.

https://mnre.gov.in/en/national-green-hydrogen-mission/

Photographs

Plate 1 — First aerial post postcard, 1911. Unknown author. Wikimedia Commons
file: FirstAerialPost U.P.ExhibitionAllahabad 1911-02-18.jpg. Public domain as
recorded on the source page. Reproduced without cropping or retouching.

Source file on Wikimedia Commons

Plate 2 — Eastleigh Airport, Nairobi, 20 November 1950. Amarjit Chandan Ar-
chive. Wikimedia Commons file: First ever flight to Bombay. Eastleigh Airport
Nairobi. 20 Nov 1950.jpg. The source records public-domain status under PD-
Kenya and a rights-holder permission record; its structured metadata also rec-
ords CC BY-SA 4.0. Reproduced without cropping or retouching. The caption
does not independently assert the archive title's first-flight claim.

Source file on Wikimedia Commons | Reuse licence

Plate 3 — Air India Douglas DC-3 at Heathrow, London. Jim Halley. Wikimedia
Commons file: Air India DC 3 at Heathrow.jpg. Creative Commons Attribution-
ShareAlike 3.0 Unported. Reproduced without cropping or retouching at a re-
duced print size. The source metadata records a 2014 digital-file date, not a veri-
fied date of capture. The photograph remains separately available under its
licence.

Source file on Wikimedia Commons | Reuse licence

Plate 4 — Mumbai international terminal interior, 16 March 2016. A.Savin, Wik-
ipedia. Wikimedia Commons file: Mumbai 03-2016 114 Airport international
terminal interior.jpg. Free Art License 1.3. Reproduced without cropping or re-
touching; the photograph remains available separately under that licence.

Source file on Wikimedia Commons | artlibre.org/licence/lal/en/
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Plate 5 — Terminal 1 of Kempegowda International Airport, 4 May 2025.
Sameer2905. Wikimedia Commons file: Terminal 1 of Kempegowda Internation-
al Airport.jpg. Creative Commons Attribution-ShareAlike 4.0 International. Re-
produced without cropping or retouching; the photograph remains separately
licensed under CC BY-SA 4.0.

Source file on Wikimedia Commons | creativecommons.org/licenses/by-sa/4.0/

Diagrams and cover

The explanatory diagrams are editorial schematics of the author’s concepts. The
R21 conceptual illustrations were developed with Al-assisted image generation
and editorial composition; their labels, relationships and chart geometry were
separately typeset. The expanded edition adds original vector explanations of
passenger situations, retail typologies, public comfort and heatmaps. All values in
the heatmaps are synthetic teaching examples, not sensor data, forecasts, certi-
fied standards or results at a named airport. Unless a source is identified, figures
are not measured datasets or approved site designs. The cover is also an AI-
assisted conceptual illustration. Documentary photographs retain their separate
source and licence records above.
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Glossary of Terms

Recurring acronyms and key terms used in this book.

AAL Airports Authority of India — the central body responsible for managing the
majority of civil aviation infrastructure in the country.

ACA. Airport Carbon Accreditation — the global carbon-management certifica-
tion programme operated by Airports Council International.

AERONOVA. The author’s adaptive airport-planning method: connect
evidence, scenario testing, accountable decisions and learning. It is not a statuto-
ry standard or a promise of autonomous design.

AGV. Automated Guided Vehicle — a driverless transport vehicle used for cargo
handling and apron logistics.

AODB. Airport operational database: the shared operational record for
flight and resource information.

ATF. Aviation turbine fuel. Its share of airline operating cost varies with price,
fleet, routes and accounting period.

BCAS. Bureau of Civil Aviation Security — India's national civil aviation security
regulator.

BHS. Baggage handling system.

BIM. Building information modelling.
BMS. Building management system.
CAGR. Compound Annual Growth Rate.

CERT-In. The Indian Computer Emergency Response Team — the national nodal
agency for cybersecurity incidents.

CFCPD. Culture, Finance, Community, Planet and Digital: five connect-
ed lenses for development decisions. The book proposes an accompanying as-
sessment framework.

CIAL. Cochin International Airport Limited. Solar generation is discussed as an
example of airport energy strategy; generation accounting must be distinguished
from continuous off-grid supply.

CMMS. Computerised maintenance management system.

CPDO. Chief Programme and Design Officer: a proposed coordinating
leadership role, not a replacement for statutory or professional authority.

DGCA. Directorate General of Civil Aviation — India's national civil aviation
regulator.

DigiYatra. India's biometric-enabled, paperless passenger processing initiative
for domestic air travel.

DPDPA. Digital Personal Data Protection Act, 2023 — India's national personal-
data protection statute.
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EPC. Engineering, Procurement, and Construction — a project delivery model in
which a single contractor bears responsibility for design, materials, and construc-
tion.

EVM. Earned value management: comparison of planned value, earned val-
ue and actual cost against a defined baseline.

eVTOL. Electric Vertical Take-Off and Landing aircraft — a category that under-
pins urban air mobility (UAM).

F&B. Food and Beverage — a major non-aeronautical revenue stream at airports.
FDI. Foreign Direct Investment.

FMI. Functional Mock-up Interface: a standard for compatible model ex-
change and co-simulation. Support and suitability must be checked for the actual
tools and models.

FTO. Flight Training Organisation — an institution authorised to train pilots.

FTWZ. Free Trade Warehousing Zone — a special zone for warehousing of im-
ported goods awaiting onward movement.

GCC. Global Capability Centre — a captive offshore office, often serving a multi-
national from Indian Tier 1 or Tier 2 cities.

HVAC. Heating, ventilation and air conditioning.

IoT. Internet of Things — networks of sensor-enabled physical devices that ex-
change data.

KPI. Key Performance Indicator.

LEED. Leadership in Energy and Environmental Design — a widely used green-
building rating system.

Living Brief. A version-controlled set of airport requirements updated through
operational evidence and accountable change approval.

MARS. Multiple aircraft ramp system: a stand arrangement supporting al-
ternative aircraft combinations subject to approved compatibility and proce-
dures.

MCP. Model Context Protocol: an interface protocol for connecting AI appli-

cations with tools and data. Its use alone does not establish security, sovereignty
or model independence.

MCT. Minimum connection time: the applicable minimum interval for a
particular type of passenger connection; operational reliability requires assess-
ment beyond one nominal number.

MRO. Maintenance, Repair, and Overhaul — the aviation services segment deal-
ing with airframe, engine, and component maintenance.

NCAP. National Civil Aviation Policy.

NIP. National Infrastructure Pipeline — the Government of India's coordinated
multi-sector infrastructure capital plan.

NLP. National Logistics Policy.

No Idle Land. The book’s reserve-land stewardship principle: assign
every parcel a justified purpose, including remaining unbuilt.
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ORAT. Operational readiness and airport transfer: preparation, trials
and transition into service.

OT-IT. Operational Technology — Information Technology — the segmentation
between control-system networks (OT) and corporate IT networks, central to air-
port cybersecurity architecture.

PPP. Public—private partnership.
PRM. Persons with Reduced Mobility.

RARE. Revitalize Airport Retail Environment: the author’s proposed
method for relevant, voluntary airport commerce.

RFP. Request for Proposal — a procurement document inviting structured bids.
SAF. Sustainable Aviation Fuel.

SCADA. Supervisory Control and Data Acquisition — the operational technology
layer for monitoring and controlling airport plant and utilities.

Sentient Airport. The book’s proposed model of an airport using governed data
and simulations to support responsive decisions. “Sentient” is metaphorical, not
a claim of consciousness or unrestricted autonomy.

Sentient Twin. A maintained digital decision-support environment linking air-
port conditions, models and scenarios. It may propose changes; authorised peo-
ple approve them.

UAM. Urban Air Mobility — short-distance air transport over and within cities,
typically using eVTOL aircraft.

UDAN. “Ude Desh ka Aam Nagrik” — the Government of India's regional connec-
tivity scheme.

UPIL. Unified Payments Interface: an Indian digital payments system. Acces-
sible payment alternatives remain important.

Waveform. The changing demand pattern associated with arrivals, transfers and
departure banks.

XR. Extended Reality — a category that encompasses augmented, virtual, and
mixed reality.
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