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The opening set of cases produced by IIHS represents a focus central to our institutional 

mission, its teaching and its practice: urban inclusion. Through an on-going collaborative, 

multi-year research project titled 'Reframing Urban Inclusion', the 30 cases available on the 

website, www.cases.iihs.co.in include original teaching and learning cases commissioned and 

produced at IIHS through support from the Ford Foundation.

The cases were curated to address a particular set of challenges. The first is pedagogical. IIHS' 

stated aim is to be part of a global moment to re-think urban theory and practice from India, 

South Asia and the Global South. These cases are a key curricular and pedagogical 

intervention within that effort. Distributed through open access modes to encourage 

widespread, public and diverse forms of use, the cases seek to give scholars and educators in 

the Global South a new canon to teach with, that begins from and is responsive to place. 

The second is more outward facing. India is at a critical moment in its urbanisation. The urban 

agenda has begun to emerge strongly on the national political register, and questions of how 

to shape policy agendas from housing to employment, planning to service delivery, are more 

pressing than ever before. It is our hope that these cases will therefore equally be used by 

and inform an evidence-based, empirically rich, conceptually grounded and reflexive practice 

and interface with policy. 

Since 2013, the project has brought together leading academics and practitioners from 

different disciplines to identify and contextualise social and economic realities of Indian cities 

through the case method. We hope that they will provide new evidence of the possible 

opportunities and mechanisms for urban integration as well as build a conceptual and 

empirical foundation for politically, socially, and economically inclusive cities. 

The project has three thematic foci: 

1. Conceptualising Pro-Poor Planning

Urban planning processes determine access to basic resources such as land, shelter

and housing, livelihoods, mobility, and security. Inclusive urban planning is aimed at

serving all the citizens of the city, reducing vulnerability and addressing exclusion from

access to these basic resources.

Cases in this theme (1) untangle the current state of urban planning and its effects on

vulnerability and exclusion, (2) explore how meaningful participation can be more

effective in pro-poor planning, and (3) highlight opportunities for, and instances of

successful integration across agencies and organisations involved in urban planning.

Reframing Urban Inclusion 
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2. Re-visiting Settlement Upgrading 

This theme seeks to expand and re-articulate debates on slums in India. The ‘slum’ is a 

form of an urban settlement that is situated at the intersection of land markets, new 

urban political economies, the efficacy of the state as a provider of housing to the 

poor, differentiated state-citizen relations, splintered urban infrastructure, questions 

of law, legality and planning, as well as conceptions of urban citizenship. 

Cases in this theme (1) explore the processes of settlement and resettlement, paying 

attention to the market and political forces that shape the outcomes, (2) broaden the 

scope of settlement transformation from spatial upgradation to impacts on other sites 

of transformation such as livelihoods and employment, and (3) explore alternative 

imaginations of ‘property rights’ and tenure regimes. 

3. Re-drawing the Picture: Metrics of Urban Inclusion 

The dynamics of urban poverty and vulnerability are poorly understood. We know that 

the security of tenure, spatial coherence of urban infrastructure and service delivery, 

transit distances between livelihoods and living spaces, socio- cultural identities and 

social networks play important roles in inclusive cities. However, we have limited 

statistical data and information on the locational and distribution patterns of  

urban India. 

Cases in this theme (1) examine the use of data in urban decision making and identify 

potential sites for intervention, (2) provide a more contextual and holistic analysis of 

urban dynamics, moving beyond sector-wise administrative data collection methods, 

and (3) emphasise improvements in information and learning from experience for 

local decision making. 
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The IIHS case is a work-in-progress that represents experiments in different forms of creating 

interdisciplinary and inter-sectoral cases, as well as a diversity of pedagogical environments to 

learn and teach with these cases. The opening set of cases is, thus, also in a sense, an 

experiment in form and teaching modes. Given this, we do not claim a singular ‘IIHS Case 

Method’ or any one form or definition of a case. Indeed, one of the explicit aims of case 

development at IIHS is to challenge conventional ideas of what case-based learning is. 

How then does a user know how to use cases? Pedagogical transactions will differ from case 

to case and indeed multiple options will be open within each case. Therefore, in order to aid 

users, all IIHS cases come with a set of consistent elements that help users navigate through 

the diversity of form and content. These are: 

 Preface: Every case begins with an introduction by the case writer that describes 

their own approach to the case. How did the case writer frame the case? Why did 

they choose to structure it as they have? What were their intentions in writing the 

case? 

 Teaching Note: The second shared case element is the Teaching Note. Here, the 

case writer lays out their imagination of how they would teach with the case in its 

current form. They suggest learning outcomes, pedagogical modes, learning 

environments and assessment frames. True to the diversity of the cases, each of 

these is particular to the case. 

 The Main Case: This is the main body of the case—its core empirics, arguments, 

discourse and data. Across the cases, these come in different forms: PowerPoint 

presentations, audio-visual material, web interfaces, written text, and data 

visualisations. 

 Pedagogical Possibilities: The next element lays out the case writer's suggestions 

on other ways in which the case could be taught, including in other disciplines or 

learning environments. These are not as detailed as the Teaching Note but offer a 

set of possibilities to the user to imagine other uses of the case than those laid out. 

 Case Archive: The final element of the case is a library of documents—reports to 

interview transcripts, unedited footage to visual photo libraries—that act as an 

archive for the case. This repository allows users to also access a host of 

background and additional information necessary to navigate the larger contexts in 

which the case is situated. 

Each IIHS case—regardless of the diversity of its form—comes structured with these 

elements. It is our hope that this recognisable framework will enable users to navigate easily 

across cases with very diverse elements and forms. 

 

IIHS Case Method 
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Equity in urban transport is an important component in ensuring economic and social 

opportunities for economically weaker sections in Indian cities. Formal bus-based public 

transport agencies in Indian metro cities face the difficult task of balancing financial stability 

while also ensuring low fares to make it affordable for a sizable urban population dependent 

on these services for their travel needs, especially in a scenario where state budgetary 

allocations are, at best, limited and irregular.  

In the backdrop of the Bangalore Metropolitan Transport Corporation (BMTC)’s steep and 

frequent bus fare hikes between 2012 and 2014, the case examines the internal and external 

factors that led the BMTC to implement these unpopular measures. Through findings from a 

set of field visits and random interviews, the case also investigates the impact these fare hikes 

have had on individuals and families facing economic hardship. They also highlight adaptation 

strategies employed to either evade or limit their travel costs and convenience.  

Bus-based public transport is an important mode of transport in Indian cities, wherever they 

exist. Rising income, greater availability of automobiles and substantial investment in road 

infrastructure have combined to reduce the general demand for public transit. Still, many 

people—particularly economically weaker sections of society—depend mainly on public 

transport for access to jobs, schools, medical facilities and other necessities of life. 

Road transport services at a state and city level were nationalised under the Motor Vehicles 

Act 1956 and Road Transport Corporations Act 1950 to control the predatory competition 

amongst private bus operators across the country. This resulted in the establishment of 67 

transport undertakings under the public sector throughout the country of which 8 were in the 

metro cities—Delhi Transport Corporation (DTC), BEST in Mumbai, CSTC in Kolkata, KMTU in 

Kolhapur, BMTC in Bengaluru, CNI in Chennai, AMTS in Ahmedabad and PMT in Pune. In 

recent years, more than 60 city bus transport services have been operational in various cities 

with different management structures addressing their transport needs. A major factor that 

led to the proliferation of these city bus transport services was the availability of the Central 

Government’s JNNURM funds for the purchase of buses and the establishment of Special 

Purpose Vehicles to operate city bus services in those cities.  

To balance the needs of economic and social sustainability, public transport bus agencies in 

the eight metropolitan cities have tried to improve bus facilities and services by setting low 

stable fare structures to encourage ridership, while also offering targeted subsidies for 

specific segments of the population. These subsidies, however, have not always led to the 

intended results because of difficulties with accurately identifying the target population 

(especially if not employed in the formal sector), potential abuse of the subsidy, and large 

errors of both exclusion or inclusion of the target population. Moreover, it has resulted in the 

bus agencies suffering annually increasing losses and an over-reliance on state budgetary 
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allocations to help them break even. Available data of the financial condition of state-run bus-

based public transport undertakings in these cities indicate that the annual losses are growing 

year on year over the past five years.  

 

Figure 1: Financial performance of bus based public transport agencies in select metro cities in 2003-04, 

2007-08 & 2011-12 

An exception to this trend has been the performance of the Bangalore Metropolitan 

Transport Corporation (BMTC) in Bangalore, which is one of the largest public transport bus 

agencies in India (See Figure 1). Until 2011-12, BMTC was covering its costs and even making 

small profits to the tune of a few lakh rupees. At the same time, the bus services were 

construed as relatively good and bus fares were stable if not cheap, when compared to other 

agencies. BMTC took the opportunity to build new transit infrastructure on the land parcels 

they had in the city when the JNNURM funding was announced in 2009-10. It also purchased a 

sizable fleet of buses to not only improve ordinary bus services by improving the scheduling 

but to also add new routes and employ premium air conditioned (A/C) buses on select routes 

in the city in a bid to attract private vehicle owners to use their services. Since 2012, the 

financial condition of BMTC has deteriorated, causing a large deficit in their finances.   

Between 2012 and 2014, bus fares on all the bus services offered were hiked by more than 70 

percent across the board while it had taken took almost 10 years for similar increases in the 

past. This unprecedented hike in fares has imposed a huge burden on the poor and lower 

middle class commuters, especially for those that are captive users of public transport 

services. This situation also undermines the basis of BMTC mentioned as a non-profit 

oriented public service provider as stated in its Citizens’ Charter document. 

The allocation of bus-based public transport services between the rich and the poor or 

suburbanites and inner city residents is directly connected to social and economic processes 
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that have produced economic polarisation between suburbs and central cities. Equity 

planning has been centrally concerned with reducing such urban inequalities. A key role that 

public transport plays in the inclusion of the poor is to provide affordable accessibility to the 

city’s economic and social activity centers. This case on BMTC has been conceived and 

developed to introduce the learners to the concept of transit equity, particularly affordability 

of public transport services. The second point for learners is to understand why the good 

financial health of public transport undertakings is important to ensure the sustainability of 

good quality transit services (bus in this case). Third, this case can be used as an entry point to 

discuss and teach learners the necessary skills required to devise a fare policy, compute fare 

structures and select appropriate technologies to enable effective fare collection systems. 

Lastly, the case helps develop methodologies to evaluate transit equity and quantify revenue 

loss due to fare evasion from the transit agency’s published statistics. 

The framing of this case is in the following sequence: 

a. Introducing BMTC’s recent bus fare hikes and its consequences 

b. About BMTC 

c. Analysis of bus fare structures 

d. Impact of BMTC’s present bus fare structures on travel choices and patterns of 

commuters from lower middle class sections of society around one of Bangalore’s 

slum areas 

e. Legal framework and market competition to BMTC 

a. BMTC’s recent bus fare hikes and its consequences 

This section is the entry point to the case. It will elaborate on the successive bus fare hikes the 

BMTC management implemented in quick succession over a span of two years. It will refer to 

various articles in the media on the quantum of bus fare hikes and the justification provided 

by the BMTC management on their decisions to raise bus fares. This will be followed by the 

public's and Non-Governmental Organisations' (NGO) reactions to these fare hikes and the 

issues of equity and affordability raised by them. 

The last section will flip these developments into exercises/projects for the learners as 

follows: The BMTC management has been sensitive to the bad media coverage and has 

committed to satisfactorily address the concerns of the public on equity and affordability 

issues while it would simultaneously like to ensure that the financial stability of their 

organisation is not compromised. In this direction, the learners would be consulted by the 

BMTC management on approaches to devise a fare policy, structure and collection 

methodology based on the information provided in the subsequent files. 

b. About BMTC 

This file will provide an overview of the evolution of the BMTC, its management and 

operations. It will begin by presenting the evolution of BMTC services and provide information 

on the present service and performance characteristics so that the readers have a clear 

understanding of the agency’s size and operations. 
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c. Analysis of bus fare structures 

In this section, information on the present fare structures is provided along with a 

comparative analysis. A detailed analysis of the fare structures and collection mechanisms 

provides valuable insights on direct or indirect incentives/disincentives that are subtly 

communicated to the commuters, which influences them to change their travel patterns and 

behaviours.  

d. Commuter survey around one of Bangalore’s slum areas 

A primary survey was conducted so that learners can get a better understanding of how 

commuters adapt their travel patterns and behaviour based on bus fares, especially those 

belonging to vulnerable sections of society. The design, scope, objectives and results of the 

commuter survey have been discussed in this section.  

e. Legal framework and market competition to BMTC 

Finally, this document introduces the existing legal and regulatory environment that governs 

the operation of bus-based public transport services in Indian cities. Amongst the state road 

transport undertakings that are operating bus services in Indian metro cities, the BMTC has 

been relatively better organised and managed because of its emphasis on financial 

independence from the state. By not accepting state government handouts in the form of 

subsidies, it has been able to enhance its decision making autonomy. At the same time, it has 

been quick to pass any operational cost increases to the commuters.  This document also 

briefly reviews the contents of the new Motor Vehicles Bill (also called Road Transport and 

Safety Bill) and discusses the impact it will have on the incumbent city bus transport agencies 

in case it gets passed.  

The document also familiarises the learners with competition in the market for mobility 

services especially with the advent of highly competitive private transport operators such as 

taxi aggregators (Ola and Uber cab services), contract bus operators, etc., and from existing 

intermediate public transport or para-transit services such as autos and private bus operators 

that are re-inventing themselves to tap into BMTC’s premium commuters and non-captive 

market players.  

Learners are encouraged to refer to appropriate files that are saved in the ‘Background 

Material’ folder. Learners are also expected to search for more information and learning 

material from the library and internet resources to aid in better understanding of the complex 

issues in this case. 
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Components and Materials  

The primary component of this case study is written material, which first sets the context of 

the different Road Transport Acts that govern India, and the effect that current laws have on 

them. It then moves on to discussing the public transport sector in Karnataka, specifically the 

BMTC’s history, legal framework and competition. Exhibit 1 shows the history of public 

transport in Bangalore—bullock carts and horse-driven jutkas in the early 1900s to the 

formation of the BMTC in 1997 with important milestones being marked all the way through.   

The case then looks at bus fare structures and collection mechanisms from two 

perspectives—communication to consumers and ensuing behavior. Both these are important 

in how they influence decision-making, especially in those belonging to vulnerable sections of 

society. Exhibit 2 compares the percentage of minimum wage against amount spent on public 

transport, and Exhibit 3 shows the demographic profiles of respondents to a survey 

conducted to help learners understand how commuters adapt their travel patterns and 

behaviour based on bus fares.  

Public transport in India cannot be discussed without touching upon private transport 

operators such as taxi aggregators, auto rickshaws and private bus operators. The case 

discusses these services highlighting their advantages and disadvantages when compared 

with the BMTC in Bangalore. The Case Archives have press clippings and other material on 

BMTC’s fare hikes, legislation over the years, subsidies, and regulation and framing to help 

learners understand the complex issues that make up this case. 
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Exhibit 1: History of the BMTC 

Bangalore Metropolitan Transport Corporation (BMTC) is the sole public bus transport 

provider in Bangalore serving urban, sub-urban and rural areas. Bangalore Metropolitan 

Transport Corporation services carries about 5 million passengers each day, which is over 

50% of the total population of Bangalore (8.5 million people according to 2011 Census).  

Bangalore had no public conveyance till the beginning of the 20th century. Palanquin bearers 

and bullock carts followed by horse driven jutkas were used to carry men and material 

(Kamath, 1990). Motorised transport made an entry into the city of Bangalore by 1929, 

however, affordability being an issue with low and middle income people, the preferred mode 

of transport was phaetons, rickshaws, bullock carts and jutkas, while the business class and 

elites preferred motor cars, motor lorries and omnibuses. 

 
History of Public Transport in Bangalore (Source: CiSTUP, 2012) 

  

 

•Palanquin bearers and bullock carts

•Horse driven jutkas
Early 1900s

•Entry of motorized transport

•Low and middle income people - phaetons, rickshaws, 
bullock carts and jutkas

•Business class and elites - motor cars, motor lorries and 
omnibuses

1929

•Operation of bus services by some entrepreneurs1930-40s

•Bangalore Transport Company Ltd started with  fleet of 
20 vehiclesEarly 1940s

•Bus services gets nationalized1948

•Mysore State Road Transport Corporation established 
under Central Road Transport Corporation Act 19511961

•BTC was nationalized and became part of MSRTC1956

•Routes of the city were nationalized1962

•MSRTC became KSRTC and BTC became Bangalore 
Transport ServiceAfter 1964

•BTS became Bangalore Metropolitan Transport 
Corporation (BMTC) within KSRTC1997

 Exhibits 

9



 

Exhibit 2: Percentage share of public transport in minimum wage 

In order to explore this further, the BMTC’s monthly pass fare was compared with the 

monthly minimum wage of a peon at a wood work industry in Bangalore. It was found that 

the cost of monthly pass would consume around 21.4% of the monthly minimum wage, as 

can be seen in Figure 2, if he/she opts to use the public transport. The income of the persons 

in the unorganised sector or slums can be much lower than this without a guaranteed 

monthly income. It is far more expensive for daily wage earners that are not guaranteed of 

employment throughout the month.  

 

Figure 2: Percentage share of PT expenditure on minimum wage  
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Exhibit 3: Demographic profile of the survey respondents 

Most of the respondents were commuting to and from their work and were travelling on a 

daily basis, and the remainder were mostly the elderly, travelling for social visits. Only around 

32% of the respondents had a monthly pass while more than 60% of them bought tickets 

each time.  

 

Figure 3: Demographic profiles of the survey respondents (Source: primary data from survey) 
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Course Structure: One Day Workshop  

Course Title: Introduction to Pricing of Public Transport Bus Systems 

OBJECTIVES 

The main intention of this workshop is to sensitise the participants to the role of PT systems in 

urban settings in terms of providing economic opportunities to economically weaker sections 

of society. The second objective is to impress on participants the importance of breaking even 

in terms of costs and revenues of PT operations in order to ensure sustainability of quality 

services over the medium and long term. Third, to indicate the factors influencing public 

transport pricing structures, review mechanisms for PT fare revision in different Indian cities. 

Finally, to highlight issues with traditional fare collection methods and introduce innovative 

fare collection mechanisms to ensure transparent collection of fare box revenues with 

minimum leakages as well as facilitate inter-modal integration.    

PARTICIPANTS 

The workshop is ideal for a batch of 20-30 learners who could typically come from 3 different 

profiles: Students interested in urban transport issues (with a Bachelor’s degree and 

preferably some field experience work), professionals from various city and state government 

departments / public sector agencies that are either interested or associated with urban 

transport and  representatives from non-governmental organisations (NGOs) or consultants 

involved or interested in issues of equity in urban transport, PT planning, PT management etc.  

RESOURCE REQUIREMENTS AND PREPARATION 

Human Resources: 3 resource persons (1 workshop coordinator with 2 associates) for up to 

30 learners in the classroom will be involved full time during the period of the workshop and 

to put in 8 hours of work prior to starting the workshop to prepare different 

presentations/handouts. For additional 10 persons, an additional associate would be 

required.  

Infrastructure Resources: A medium sized classroom with presentation facilities to 

accommodate all learners for the workshop. 

Preparation: Before the course is conducted the following documents need to be prepared: 

Case Report: The BMTC’s case report will be printed and circulated to the learners. The case 

will provide an overview of the BMTC’s operations, financial statistics, fare structures and its 

analysis and commuter survey and results 

 Teaching Note 
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Presentations: A set of 6 presentations detailing the topics scheduled for each session. Before 

start of every session, the associates will distribute a copy of the presentation to the learners. 

COURSE SCHEDULE 

No. Session Session Details 

1 

Importance of fares in 

sustainability of PT services 

 

Costs to be covered from user charging  

Introduction to city bus transport services;  

Major costs and revenues for PT bus operations in 

cities;  

2 

Issues of equity in PT - BMTC 

case 

 

Types of transport equity 

Trade-offs between equity and other planning 

objectives 

Introduction to the BMTC case and issues of equity  

through this case 

3 
PT fare fixation 

 

Pricing objectives 

Fare policy objectives 

PT pricing imperatives 

Examples of PT fare policies 

4 
Factors affecting fare structures 

 

Impact of Fare structures on ridership 

Types of fare structures 

Examples of fare structures in PT systems 

5 

PT fare revision procedures in 

different Indian cities 

 

Factors considered for fare revision 

Costs and subsidies 

Examples of fare revision procedures 

6 Fare collection mechanisms 

Types of fare collection with examples 

Fare payment technology developments 

International best practice examples in fare collection 

mechanisms using technology 
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The instructor could consider developing exercises/brain storming sessions with the 

participants on the following aspects of the case: 

 Developing a fare policy and fare structuring mechanism for a bus transport agency in 

a Tier II city in India. 

 Identifying and evaluating different ITS technologies available for effective fare 

collection systems. 

 Developing alternative methodologies for estimating the quantum of bus fare evasion 

in their bus services. 

 Developing innovative methods to assess issues of equity in public transport to 

different population segments & localities in Bangalore. 

 Developing strategies for BMTC to effectively identify and target their subsidised bus 

services to those who need them.  
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The full content of this case is open-access and downloadable at www.cases.iihs.co.in. 

The full content of this case includes the following documents: 

Folder A: Introduction to the Case  

Terms of Use and Agreement 

Reframing Urban Inclusion 

IIHS Case Method  

Preface Note 

Teaching Note 

Folder B: Main Case 

BMTC’s Recent Bus Fare Hikes and its Consequences 

About BMTC 

Analysis of Bus Fare Structures 

Impact of BMTS’s Present Bus Fare Structures 

Legal Framework and Market Competition to BMTC 

Folder C: Case Archives 

Analysis of Fares 

BMTC 

Slum Data 

Fare Hike 

Data on Hike Through the Years 

Protests 

Legislation 

Secondary Literature 

Taxi 

 

 

 

 Accessing the Full Case 
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Terms of Use and Agreement 

General 

The downloading and reproduction of this document is subject strictly to the following conditions: 

Copyright and Use 

All the content created by the author(s) here is copyrighted and copyright rests with the author. For permission to 

reproduce copyrighted materials, it is necessary to contact IIHS or the author of the copyright. Under this license, 

any person is free to share, copy, distribute and transmit the work under the following conditions: 

Attribution: Such person must attribute the work in the manner specified by the author or licensor (but not in any 

way that suggests that they endorse the author or the author’s use of the work). 

Non-commercial: Such person may not use this work for commercial purposes. 

No Derivative Works: Such person may not alter, transform, or build upon this work. With the understanding that: 

Waiver: Any of the above conditions can be waived if such person gets permission from IIHS or the copyright 

holder or where more than one copyright holder is involved, from all the copyright holders concerned or from IIHS. 

Public Domain: Where the work or any of its elements is in the public domain under applicable law, that status is in 

no way affected by the license. 

Other Rights: In no way are any of the following rights affected by the license: 

 Fair dealing or fair use rights, or other applicable copyright exceptions and limitations; 

 The author's moral rights; 

 Rights other persons may have either in the work itself or in how is used, such as publicity or privacy 

rights. 

Additional Conditions of Use 

(i) I may redisplay only the title, author and/or abstract for an individual document, together with a link to 

that document's public abstract page on this site; 

 

(ii) To utilise this document (download, use, reproduce—subject to the abovementioned conditions), or 

certain portions thereof, I may be required to complete a registration and submission process and 

establish an account ('Account'). I represent and warrant that all information provided by me is current, 

accurate, and complete, and that I will maintain the accuracy and completeness of this information on a 

prompt, timely basis. 

 

(iii) Further, I agree not to: 

a) modify, stream, sublicense, or resell the content; 

b) enable or allow others to use the content using my personal information; 

c) access or attempt to access the content by any means other than the interface we provided or 

authorised; 

d) circumvent any access or use restrictions put into place to prevent certain uses of the document; 

e) share content or engage in behaviour that violates anyone’s Intellectual Property Rights 

('Intellectual Property Rights' means copyright, moral rights, trademark, trade dress, patent, trade 

secret, unfair competition, right of privacy, right of publicity, and any other proprietary rights); 

f) attempt to disable, impair, or destroy the content or any related software, or hardware; 

g) violate any applicable laws of India. 
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About IIHS 

The Indian Institute for Human Settlements (IIHS) is a national education institution 

committed to the equitable, sustainable and efficient transformation of Indian settlements. 

IIHS aims to establish an independent funded and managed National University for Research 

and Innovation focused on the multi-sectoral and multi-dimensional challenges and 

opportunities of urbanization. The University is intended to be a globally ranked institution. 

The IIHS is a proposed network of mother and daughter institutions across South Asia, 

leveraging on the local and regional knowledge and innovation and linking them to global best 

practices. Its mother campus, based in Bengaluru, will include academic, research and social 

infrastructure, student and faculty housing. This campus is expected to set international 

standards for efficient, economic and sustainable design, operations and maintenance.  
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